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EFFECTS 

CROSS AND SELF-FERTILISATION. 


CHArTER I. 

iNTROpUCTOBY KkMARES. 

Various means which favour or determine the cross-fertilisation (»i 
*• plants — Benefits derived from cross-fertilisation — Self-fertilisation 
favourable to the propagation of the species — Brief history of the 
subject — Object of the experiments, and the manner in which tlmy 
were tried — Statistical value of the mea-surenionts— The experi- 
ments curried on during several successive generations — Nature 
of the relationship of the plants in the later generations — Unifor- 
mity of the conditions to which the plants were subjected — Some* 
apparent and some real causes of error — Amount of i^ollen em- 
ployed — Arrangeipent of the work — Importance of the conclusions. 

There is weighty and abundant evidence that th(^ 
flowers of n^ost kinds of plants are constructed so «s 
to be occasionally or habitually cross-fertilised by 
pollen from another flowe^ produced either by the 
same plant, or generally, as we shall hereafter see 
reason to believe, by a distinct plant. Gross-fertilisa- 
tion is sometimes ensured by the sexes being separat^jd, 
and in a large number of cases by th# •pollen and 
stigma of the same flower being matured at*difit?i’eht 
times.® Such plants are called dichogamous, and have 
beefi divided into two sub-classes : proterandrous sp?fci4='f 

n 
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in which the pollen is Mature before the stigma, and 
proterogynous species, in which the j-everse occurs; 
this latter form of dichogamy not being nearly so 
common as tlie other. Cross-fertilisation is also en- 
^ sured, in many cases, by mechanical contrivances of 
wonderful beauty, preventing the impregnation of the 
flowers by their own pollen. Tliere is a Small class of 
plants, which I have called dimorphic and triinorphii,, 
but to which Hildebrand has given the more appro- 
priate name ^ of heterostyled ; this class coAsists of 
plants ])resciL^ing two or three distinct forms, adapted 
for reciprocal fertilisation, so tliat, like plants with 
separate sexes, they can hatdly fail to ba intercrossed 
in each generation. The male and female organs of 
some flowers arc irritable, and the insects which touch 
tliem get dusted with pollen, winch is thus transported 
to other flowers. Again, there is a class, in whicli th(j 
ovules absolutely refuse to bo fertilised by pollen from 
the same plant, but can be fertilised by polkui from 
any other, individual of the same species. Th(*re are 
also very many species wliich are partially stc^rile with 
th(iir (nvii pollen. Lastly, there is a large class in 
whicji the flow^ers present no apparent obstacle of any 
kind to self-fertilisation, nevertheless those plants are 
frecpiently intercrossed, owdng to tlie pr(‘potency of 
pollen from another ^individual or variety over the 
jdant’s own ]>ollcn. 

As plants arc adapted bj such diversified and effec- 
tive moans for cross-fertilisation, it might have been 
inferred from this fact alone that they deprived some 
g^jeat advantage from the process ; and it is the objc»ct 
of the present work to show the nature and importance 
. of the benefits thus derived. Thfcro are, however, some 
exceptions to the rule of plants being con^trudfced so 
til ttJ allow of or to favour cross-fertilfeation, for sftme 
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low p] tints seem to be invifriably s^f-fertilised ; yet 
even those retain traces of having been formerly 
adapted for c«oss-fortilisation. Those exceptions ikhkI 
not make ns doul)t the truth of the above rule, any 
more than the existence of some few plants which jjro-, 

, diiee flowers, and yet never set seed, should make us 
<loubt tliat flowers are adapted for the production of 
^ocmI and the propagation of the s)>ecies. 

We should always keep in mind the obvious fact 
tliat tlie production of seed is the chief end of the 
act of fcirtilisation ; and that this end fjan be gained 
by hermaphrodite jJants with incomparably greater 
certainty by self-fertilisation, than by the union of 
the sexual elements belonging to two distinct flowers 
.or plants. Yet it is as unmistakably plain that innu- 
merable flowers are adapted for cross-fertilisation, as 
that the teeth and talons of a carnivorous animal are 
adapted for catching ])rey ; or that the plumes, wings, 
and hooks of a seed an? adapted for its dissemination. 
Flowers, therefore, are constructed so as to gain two 
objects which ar(% to a, certain extent, antagonistic, and 
this explains many apparent {inomalios in their struc- 
ture. The close proxftuity of the anthers to the stigma 
in a multitude of species favours, and often leads, to 
self-fertilisation ; but this end could have been gained 
far more safely if the flowers had been completely 
closed, for then the pollen would not have been injured 
by the rain or devoured l^y insects, as often happens. 
Moreover, in this case, a very small quantity of polleij 
would have been suC^ciont for fertilisation, instead of 
millions of grains being produced. But the openness 
of the flower and the production of a ^feat and Ap- 
parently wasteful afiiount of pollen are nedes^fy ’for* 
cross-fertilisation. These remarks are well illustrated 
bjPthe plants* called cleistogene, which bear on 4lfe 

'B 2 
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same stock two kinds of flowers. The flowers of the one 
kind are minute and completely closed, so that they 
cannot possibly be crossed; but they ave abundantly 
fertile, although producing an extremely small 
quantity of pollen. The flowers of the other kind 
j)roducc much pollen and are open ; and these can be, 
and often are, cross-fertilised. Hermann Muller h^s 
also made the remarkable discovery that there are' 
some plants which exist under two forms ; that is, 
produce on di^itinct stocks two kinds of hermaplirodite 
flowers. The one form bears small flowers constructed 
for self-fertilisation ; whilst the other bears larger and 
much more C(ms])icuous flowers plainly . constructed 
for cross-fertilisation by the aid of insects ; and without 
their aid these prodilce no seed. 

The adaptation of flowers for (;ross-fertilisation is a 
sul)ject which has interested me for the last thirty- 
seven years, and I have collected a large mass of ob- 
servations, but those are now rendered superfluous ]>y 
the many excellent works which have been lately pub- 
lished. . In the year 1857 1 wrote * a short pa])er oji 
the fertilisation of the kidney Imin ; and in 18()2 my 
work ‘ On the Contrivances by whifth British and 
Foreign Onjhids are Fertilised by Insects’ ap]»earcd. 
It seemed to me a better plan to work out. one grouj) 
of plants as carefully as I could, rather than to pub- 
lish many miscellaneous and imperfect observations. 
My j^rcsent work is the complement of that on 
Vlrchids, in Avhich it was shown how admirably these* 
plants are constructed so as to permit of, or to favour, 
ortto necesaifeite cross-fertilisation. The adaptations 


* G^rdenei-H' (JJironiclc/ ]857, ‘Annals and of Nat. Hist.* 
and 1858, nn. 824 and 844. 3rd series, vol. ii. 1858, p. 4()2* 
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for cross-fertilisation are periiaps mor^ obvious in the 
Orchideae thantin any other group of plants, but it is 
an error to s]:^)ak of them, as some authqjrs have done, 
as an exceptional case. The lever-like u(^tion of the 
stamens of Salvia (described by Hildebrand, Dr. W., 
Ogle, and others), by which the anthers are depressed 
apd rubbed on the backs of bees, shows as perfect a 
Structure as can be found in any orchid. Papilion- 
aceous flowers, as described by various authors — for 
instance, by Mr. T. H. Farrer — offcii innumerabh^ 
curious adaptations for cross-fertilisatioif. The case of 
Posoqueria fragrans (one of the Kubiacea;), is as won- 
derful as that of the most wonderful orchid, llie 
stamens, according to Fritz Muller, * are irritable, so 
that as soon as a moth visits a flower, the anthers ex- 
plode and cover the insect with pollen ; one of tln^ 
filaments which is broader than the others then moves 
and closes the flower for about twelve hours, 'After 
which time it resumes its original position. Thus the 
stigma cannot be fertilised by pollen from the same 
flower, but only by that brought by a moth from soin(‘ 
other flower. Endless other beautiful contrivances for 
this same purpose cou!d be specified. • 

Long before I had attendcid to the fertilisation of 
flowers, a remarkable book appeared in 1793 in Ger- 
many, *Das Entdcckte Geheimniss der Natur,’ by 
C. K. Sprengel, in which he clearly proved by innumer- 
able observations, how essential a part insects play in 
the fertilisation of many plants. But he was in ad^ 
vance of his age, au^ his discoveries were for a long 
' me neglected. Since the appearance of my book, on 
Orchids, many excellent works on the fertilisation* of 
flowers, such as tho^e by Hildebrand, Dclpiho„Axell; 


‘Botauisebe Zeitung,* 1860, p. 129. 
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and Hermann Muller,* and niinierons slu^rter ])ap(*rs, 
have been published. A list would ©ceaj)y sevcuul 
pages, and t^is is not the proper phieepto giv(^ tlieir 
titles, as we are not here coiieerned with tlu^ means, 
but with the results of cross-fertilisation. Ni> one 
who feels interest in the meehanisni by which nature 
eflects her ends, can read tliese books and memoirs 
without the most live/y interest. 

Frojn my own observations on jilants, guided to a 
certain extent by tlic experience of the br(‘(‘Ilers of 
animals, 1 became convinced many years ago tliat it 
is a general la^v of nature that flowers are adapted to 
be crossed, at least occasionally, by pollen from a 
distinct plant. Hprengcl at times foresaw this law, but 
only partially, for it does not appear that he w as aw are 
that tliere was any diflerence in ]K)wer betw'(‘en pollen 
from the same plant and from a <listinct jdaiit. In the 
introduction to his book (p. 4) he says, as the sex(‘s 
are separated in so many flowers, and as so many other 
flowers are dichogamous, “ it appears that nature has 
not willed that any one flower should be flu’tili.scd by 
its own pollen.” jNevcrtheless,lie was far from keejung 
this conclusion always before hi% mind, or he did not 


* Sir JoliTi Lub])ock lias 
an intert'stiiij^ Hummury tin* 
wfiole subject in liis ‘ British Wild 
Flowers considered in relation to 
Insects/ 187 5. Henna iin Mill Icrs 
work ‘ Die Jkfriiehtunj^ der Blu- 
%aeii durch Insektciii,* JS7M, con- 
tains an immense nuinW of 
original observations and geno- 
raliiftitions. It is, inoreovir, in- 
val^ble as a repf-rtory with re- 
ferenc(« to, Almost everything 
which liits been pnhlislied on the 
subject. His work differs from 
th^at ot all others in specifying 
vmtt kinds of insects, as fur us 


known, visit the ilowcTs of caeJi 
species. He liki wise entt;rs on 
new ground, by showing not only 
that llowers j.re {idnjded for tlicir 
, own good to th(! visits of certain 
iiiMji-ts ; but that the iiiswts 
thcniselvt s are exeelleiilly adapted 
lV)r i^dcmiTig ncctur or pollen 
from certain llowers. The value? 
of H. Midler's work can hardly he 
ovcr-cslimiit(!d, and it is much to 
he desifeil that it sl.ould be trans- 
httfd into Knglish. ^*vcrin 
AxcITs work is writteb in Swedish, 
so that 1 havi^ not Deeu able to 
read it. * 
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see its full importance, as may be pefceived by any> 
one who will rend his observations (tarcfully ; and he 
consequently mistook the meaning of vgirious struc- 
tures. But his discoveries are so numerous and his 
work so excellent, that he can well afford to bear a , 
small amount of blame. A most capable judge, H. 
Aliillor, likewise says :* It is remarkable in how very 
fliauy cases Sprengel rightly perceived that pollen is 
necessarily transported to the stigmas of other flowers 
of the same species by the insects which visit them, 
and yet did not imagine that tiiis transportation was 
of any service to the plants themselves.” 

Andrew Knight saw the truth much more clearly, 
for he remarks,! Nature intended that a sexual in- 
tercourse should take place between neighbouring 
plants of the same species.” After alluding to the 
various means by which pollen is transported from 
flower to flower, as far as was then imperfectly known, 
he adds, Nature has something more in view than that 
its own proper males should fecundate each blossom.” 
In 1811 Kolreuter plainly hinted at the same law, as 
did afterwards another famous hybridiser of plants, 
Herbert.} But none 8f these distinguished observers 
appear to have been sufficiently impressed with the 

* * Die Befruclitung dor Bin- % Kolreuter, ‘ Mem. do I’Aoad. 
men/ 1873, p. 4. His words are: do St. Peterslwurg,' tom. iii. 18<19 
“ Es ist merkwurdig, in wic zahl- (published 1811), p. 197. After 
reiolieii Fallen Sprengel richtig allowing how well the Malvaceae 
tTkannie, dass dureh die Besuch- * are adapted for cmsa-fortilisation, 
eiiden Insekten dor Bluthenstaiih lie asks, " An id aliquid in recessij 
luit Nothw'oudigkeit auf die Nar- halieat, quod hujusceinodi flores 
ben nnderor Blutlien derielben nunquam proprio suo pulvere, sed 
Art iibertragen wird, ohne aut die semper eo aliarum suse sp^ciei 
Vennuthimg zu kommen, dass in impregnentiir, ^rito quaerijur ? 
dieser Wirkung der Nuteen des Certe natura nil •faeit fruB^ra.” 
Insektenbesuches fiir die FHanzen Herbert, ‘ AmaryllidJleejB, *with a 
selbst ftesucM werden raiisse.” Treatise on Cross-brea Vegc- 

t * Philos<^)hic*al Transactiohs,* tables,’ 1837. 

17», p. 202. 
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truth and frcnetality of the law, so as to insist on it 
and iinj>r(\ss their Ixdief on others. 

Ill ] 8r>2 1 suiiiuied up my observatiojis on Oreliuls 
by savin, that nature “abhors pevpt^tual s(‘ll*-lV‘rtilisa- 
tiou.” li the word perpetual had bemi oinittcHl, the 
aphorism wouhl have been lalse. As jt stands, 1. 
believe that it is true, tivoujxh pm*haps rather X^o 
stronj^ly expressed ; and I should havt‘ athled tht^ 
self-evident i)roposition tliat tlu> propagation^ of the 
species, whether by self-fertilisation or by cross-fertili- 
sation, or asexmally by buds, stolons, &c. is of paramount 
importance. Hermann Muller • lias done excellent 
service by insisting repeate^y on this latter point. 

It often occurred to me that it would be adxmble 
to try whether seedlings from cross-fertilised flowers 
were in any way superior to those from self-fertilised 
flowers. But as no instance was known with animals 
of any evil appearing in a single generation from the 
closest possible interbreeding, that is between brothers 
and sisters, I thought that the same rule would hold 
good with plants ; and that it would be necessary at 
the sacrifice of too much time to self-fertilise and inter- 
cross plants during several suedijssive generations, in 
order to arrive at any result. I ought to have re- 
flected that such elaborate provisions favouring cross- 
fertilisation, as we see in innumerable plants, w'ould 
not have been accpiired for the sake of gaining a 
distant and slight advantage, or of avoiding a distant 
|nd slight evil. Moreover, the fertilisation of a flower 
by its own pollen corresponds to ^ closer form of inter- 
breeding than is possible with ordinary bi-sexual 
anitijals; sq*1fcat an earlier result might have been 
Wpedted. * 

I was at last led to make the experiment^ recorded 
in ihe 'present volume from the following circumstance. 
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For the sake of determining certain points with respect 
to inheritance, and witliout any thouglit of the efiects 
of close interbreeding, I raised close ^together two 
large beds of self-fertilised and crossed seedlings from 
the same plant of Linaria vulgaris. To my surprise^ 
the crossed plants when fully grown were plainly taller 
)}U(l more Yigorous than the self-fertilised ones. Bees 
incessantly visit the flowers of tliis Linaria and carry 
pollen from one to the other ; and if insects are ex- 
cluded, the flowers produce extremely; few seeds ; so 
that the wild plants from which my •seedlings were 
raised must have been intercrossed during all previous 
generations. It seemed Cherefore quite incredible that 



have been due to a swingle act of self-fertilisation ; and 
I attributed the result to the self-fertilised seeds not 
having been well ripened, improbable as it was that all 
should have been in this state, or to some other 
accidental and inexplicable cause. During the next 
year, I raised for the same purpose as before two large 
beds close together of self-fertilised and crossed seed- 
lings from the carnation, Dianthus caryophyllus. This 
plant, like the Linaria, is almost sterile if insects are 
excluded ; and we may draw the same inference as 
before, namely, that the parent-plants must have been 
intercrossed during every or almost every previous 
generation. Nevertheless, the self-fertilised seedlings 
were plainly inferior in, height and vigour to the 
crossed. ^ 

My attention was iv)w thoroughly aroused, for I could 
hardly doubt that the difference between the two beds 
was due to the one set being the offspring of cypssed, 
and the other of seff-fertilised flowers. AcCor^ihgly T 
selected Talmost by hazard two other plants, which 
happened to Se in flower in the greenhouse, nauidy, 
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Mimulm lut&us aiid fyomoea 2>urpurea^ both of 'which, 
unlike the Linaria and Dianthus, ar® hifi^hly scdf- 
fertile if insi‘^;ts arc excluded. Some •flowers (ni a 
sinjyle plant of hotli species were fertilised with th(‘ir 
gwii pollen, and others were crossed witli pollen from 
a distinct individual ; both plants bc‘in^- protected by a 
net from insects. The crossed and s(‘lf-fertilised seedsi 
thus produced were sown on opposite sides of the same* 
pots, and treat(.‘d in all r(‘siK^cts alike ; and the plants 
whcni fully fj^rcjwn w<n’e measuDMl and com])arod. With 
both species, fis in the cases of the Jjinaria and 
Dianthus, tlie crossi*d seedlings • were eoiisj)ienuusly 
superior in lieight and in otlK.T ways t« the s(‘lf- 
fertilised, J therefore determined to lu^gin a long 
series of experiments with various plants, and tliese 
were continued for the folloAving eleven years; and we 
shall sec that in a large majority of easels the crossed 
beat the self-fertilised pLuits. Several of the excep- 
tional cases, moreover, in which the crosscnl plants 
were not victorious, can be explained. 

It should be observed that I have spoken for the 
sake of brevity, and shall coiitiniui to do so, of crossed 
and selWertilised seeds, secKlliji^s? or plants; these 
terms implying that they are the ])ro(lnct of crossiid or 
se]f-lertilis(‘d flowers, (h'oss-fertilisation a^iways means 
a cross between distinct plants whie.li \v(*re raised from 
seeds and not from cuttings or buds. ^<‘If-fertilisation 
always implies that the flo\vors in question were im- 
pregnated with their own pollen. 

My experiments were tried in tjie hdlowiug manner. 
A single plant, if it produced a suflieieiiey of flow^ers, or 
tw'o *01 three/ptants were placed under a net stretched 
on a Tyiirie, and large (mough fo cover the plant 
(together with the pot, w^heu one was usedj. without 
toftoiiing it. This latter point is important, for %f 
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the flowers touch the net they may bb cross-fertilised 
by bees, as I liiivoknowu to happen; and when the net 
is wet the pollen may Ik^ injured. loused at first 
“ white cotton net,” with very line meshes, but after- 
wards a kind of m^t with meshes one-tenth of an^ 
inch in cliametcir; and this I found by experience 
ejiectualJy exclmhid all insects excepting Thrips, which 
%\n net will exclude. On the plants thus ju'otected 
sevtjral flowers were marked, and were fertilised with 
th(‘ir own pollen ; and an equal number on the same 
plants, mark<id in a different manner, were at the same 
time c-ross(id with pollen from a distinct plant. The 
crossed flowers were never castrated, in order to make 
the experiments as like as possible to what occurs 
under nature with plants fertilised by the aid of 
insects. Therefore, some of the flowers which were 
cr(»ssed may have failed to be thus fertilised, and 
afterwards have been self-fcutilised. But this and 
some other sources of error will prc‘sently Ixi discussed. 
In some few eases of spontaneously self-fertile species, 
the flowers were allow^cxl to fertilise themselves under 
the net ; and in still fewer cases uncov(ux.‘d plants were 
allowed to be freely crossed by thc) insects which in- 
cessantly visited them. There some great advan- 
tages and some disadvantages in my having occasion- 
ally varied my method of proceeding ; but w hen there 
was any difference in the tr(‘aiment, it is always so 
stated under the head of <;ach species. 

Caro was taken that the seeds w^ere thoroughly 
ripened bed'ore being gjithered. Afterwards the crossed 
and self-fertilised seeds w(^rc in most cases placed on 
damp sand on opposite sides ofaglasstvimbler covered 
by a glass plate, with a partition between thfe tyo lots f 
and “^the Tglass was jdaced on the chimney-piece in a 
w^rm room. 1 could thus observe the germinatio 5 l^)f 
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the seeds. Somi^times a few would germinate on one 
side before any on the otlieivand tlieso were tlu’own 
away. But as often as a pair gorminatel at the same 
time, tliey were planted on o2>posite sides of a 2)ot, with 
a superficial j)artition between the two; and I thus 
procetnled until from half-a-dozen to a. score or more . 
seedlings of exactly the same ago were planted qu 
the ojiposite sides of several jjots. If one of the youn^ 
seedlings IxH^ame sickly or was in any way injured, 
it was pulled, up and thrown away, as well as its 
antagonist on vhe 02>2)0site side of the same 2)ot. 

As a large number of seeds were j)laced on the sand 
to germinate, many remainecl after the pairs had l)een 
selected, some of which were in a state of germinfition 
and others not so ; and these w(*re sow n crowded 
together on the opposite sides of one or two rather 
larger pots, or sometimes in two long row\s out of doors. 
In these cases there was the most sev(T(^ struggle for 
life among the crossed seedlings on one side of the 
pot, and the self-fertilised seedlings on the otluT side, 
and between the two lots which grew^ in comjx'tition 
in the same pot. A vast numb(?r soon j.)(*rished, 
and tbe tallest of the survivors** on both sides when 
fully growm were measured, l^lants treated in this 
manner, were subjected to nearly the same conditions 
as those growing in a state of nature, which have to 
struggle to maturity in the midst of a host of 
competitors. 

On other occasions, from the want of time, the seeds, 
instead of being allowed to gernpnate on damp sand, 
were sowm on the opj)osite sides of pots, and the fully 
grown plants' measured. But this plan is less accurate, 
"as th 6 ^e(?ds sometimes germinated more quickly on 
one side than on the other. It was however necessary 
tc^^'t in this manner with some few species, as certain 
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kinds of seeds would not geminate w^ll when exposed 
to the light ; tjioiigh the glasses containing them were 
kept on the ,chiinney-piece on one side of a room, 
and some way from the two windows which faced 
the N.E.* 

The soil in the pots in which the seedlings were 
planted, or ‘the seeds sown, was >vell mixed, so as to 
fee uniform in composition. The plants on the t>vo 
sides were always watered at the same time and as 
equally^ as possible; and even if this had not been 
done, tlie \vater would have spread almost equally to 
both sides, as the pots were not largo. The crossed 
and self-fertilised plants were separated by a super- 
ficial partition, wliieh was always kept directed towards 
the chief source of the light, so that the plants on both 
sides were equally illuminated. I do not believe it 
possible that two sets of plants could have been sub- 
jected to more closely similar conditions, than W'ore 
my crossed and self-fertilised seedlings, as growii in 
tlie above described manner. 

In comparing the tw^o sets, the eye alone w^as never 
trusted. Generally the height of every plant on both 
sides was carefully imoasiired, often more than once, 
viz., whilst young, sometimes 'again when older, and 
finally when* fully or almost fully grown. But in 
some cases, wdiich arc always specified, owing to tlie 
w^ant of time, only one or two of the tallest plants on 
eacli side were measured. , This plan, which is not a 
good one, was never followed (except with the crowded . 


* This oocuiTcd in the plainest 
manner with the seeds of Va paver 
ragum and Delphinium co^mlida^ 
and less plainly with those of 
AdmiiesefdivdiU and Ononis minu- 
iminut. Rarely irjore than one 
or Ufo of the seeds of these four 


species f^crininatc^l on the bare 
sand, thiiugh Uft .there for sOme 
W'eeks ; but when thee^ sanm sebda 
were plnced on earth in pots, and 
covered with a thin If^or of sand, 
they germinated immediately in 
large numbers. ^ 
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plants raised froYn the seeds remaining after the pairs 
had been phiiited) unless the tallest plants on cacli 
side seemed fjiirly to represent the average diflerenc(? 
between those on both sides. It has, however, sonic ‘ 
great advantages, as sickly or aeeidentally injured 
plants, or the ofi'spring of ill-ripened seeds, arc thus 
eliminated. When the tallest plants alone on each side 
were measured, their average height of course exee(‘dh 
that of all the plants on the same side taken together. 
But in the cij^se of ilio. much crowded plants raised 
from the roniainiug seeds, the average height of thc^ 
tallest plants was l(3ss than that of the plants in pairs, 
owing to the unfavourable cxuulitions to whhdi tliey 
were subjected from being greatly crowded. For our 
purpose, however, of the comparison of the crosscid and 
self-fertilised plants, their absolute height signifies 
little. 

As the plants were measured by an ordinary Fnglish 
standard divided into in(jh(\s and eightlis of an incli, I 
have not thought it worth while to change the frac- 
tious into decumals. The average or mean hcuglits 
were calculated in the ordinary rough ni(‘t]iod by 
adding up the measurements of all, and dividing the 
product by the number of plants measured ; the result 
being here given in inches and decimals. As th(‘ 
different species grow to various lieights, I have always 
for the sake of easy comparison given in addition the 
average hiiight of the crossed plants of each spc^cifss 
, taken as 100, and have calculated the average height 
of the self-fertilis(id plant in relation to this standard. 
With respect to the crowded plants raised from thci 
se(kls remaining after the })airs had been planted, 
and oi which only some of the ‘tallest on each side? 
were measured, I have not thought it worth while to 
docnplicate the results by giving separate averages 
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for tlieni and for the pairs, but hate added up all 
their heights, jiiid thus obtained a single average. 

I long douj)ted whether it was worth while to give 
the iiKiasureiiients of each separate plant, but have 
doe i (hid to do so, in ord(ir that it may bo seen that the 
supciriority of tlie crossed plants over the self-fertilised, 
docis not eoftiinonly depend on the presence of two or 
•flireo extra iiiui plants on the \>ne side, or of a few 
very })oor ] slants on tli(i other side. Although several 
observers iiiive insisted in general terms on the olf- 
spriiig from inter(irosscd varieties bei^^g superior to 
either parent-form, no precise measurements have been 
given and I liave m5t witli no observations on 
the efifecits of crossing and self-fertilising tlie indi- 
viduals of the same variety. Moreover, experiments of 
tliis kind require so* much time — mine having been 
continued during eleven years — that tlioy are not 
liktily soon to be repeated. 

As only a modeiate number of crossed and self- 
ibrtilised i)lants were measured, it was of great im})or- 
tanco to m<^ to learn Iiow far the averages were trust- 
w<jrthy. 1 th(U’(3f<)re nsked JMr. tJalton, who has had 
much experience in «statistical res(3arcljos, to examine 
some of my tables of measurements, seven in number, 
namely, th()S(i of Tpomma, ]>igitalis, Reseda lutca, 
Viola, Limnaiitlies, retiinia, and Zea. I may premise 
that if we took by cliamte a dozen or score of men 
beloniriujT to two nations and measured them, it would 
I presume be very rash to form any judgment froqL 
such small numbers^ on their average heights. But 
the case is somewhat different with my crossed and 
self-fertilised plants, as they were of ex^(?tly the same 
•- 

♦ summary of those? state- and Plants under Domestication,’ 
ments, with retewMicos, may bo chap, xvii., 2nd edit.; 1875, vol. 
foiAid ill my ‘ Viirioliou of Animals ii. p. 109. 
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age, were subjeicted from first to last to the same 
conditions, and were descended from the^ same parents. 
When only from two to six pairs of plants were 
measured, the results are manifestly of little or no 
value, except in so far as they confirm and are con- 
firmed by experiments made on a larger scale with 
other species. I will now give the report on the seven 
tables of measurements, which Mr. Galton has had the 
great kindness to draw up for me. 

I have examwied the measurements of the plants with care, 
and by many statistical methods, to find out how far the means 
of the several sets represent constant realities, such as would 
come out the same so lojig as the general conditions of growth 
remained unaltered. The j)riucii)al methods that were adopted 
are easily exi)lained by selecting one of tlie shorter scries 
of plants, say of Zea mayfi, for an oxanu)l(^” 

Zea mays (youtiy 


Aukanged in 0ki>eb ok MaGN'ITUOR. 


As recorded bj Mr. Darwin. 


Tn Separate Pots. 


in a Single Series. 


111. 1 

IV. 

V. 

VI. 

VIJ. 

j Vlil. 

Self-fert. ' 

Cros-*ed. 

S«*lf-fert. 

Crossed. 

Self-fert. 

Difference 

Inches. ; 

Jiichos. 

Inches. 

Inches. 

lnche.s. 

I lu bes. 

17J 

23 j 


: 23 ; 

20 2 

; --4 

20 i ' 

21 

! 20 

i 23-^ 

- 20 

: -:>i 

20 

12 

i 

! 23 

20 

! 


20 ! 22 

m i 21J 

m \ 


IGJ |: 21f 

18 I 20^ 


Ui I 
leg { - 2 J 


. ' ‘21 
Pot IV. ' 224 


18 : 23 

12 J i 224 


o 
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“ The observations as I received them are sliown in columns II. 
and III.,wiioro tliey certainly have no prima facie apjxjaranco of 
regularity. But as soon as we arrange tliem in the ordcir of 
their magnitudes; as in columns IV. arid V., the cjfSe is materially 
altered. We now see, with few exceptions, that the largest 
Ijlant on the crossed side in each pot exceeds the largest plant 
on the self-fertilised side, that the second exceeds the second, 
the thinl the third, and so on. Out of the fifteen cases in the 
there are only two exceptions io this rule. We may 
therefore confidently affirm that a crossed series will always 
be found to exceed a self-fertilised scri(is, wu'thin the range ol‘ 
the conditions under which the present expcMinent has been 
made.’’ 


Pot. 

• 

j Crossed. * 


Diflerence. 

I. 


19§ 


IJ. 



, -‘3 

HI. 

i 21J 1 



IV. 

! 

10 

— • 5 fi 
' ^ 


** Next tas regards the numerical estimate of tin's excess. The 
mean values of tlie several groipis are so discordant, as is shown 
in the table just givcJii, that a fairly precise numerical estimate 
scorns impossible. But Jlio consideration arises, whether the 
difference between pot and pot may not he of much the same 
order of imjKn’tiyice as that of the other conditions upon wliich 
the growth of the plants has Ix^en modifieil. If so, and only 
on that condition, it wmild follow' tJiat w hen all the measnre- 
ments, either of tlie crossed or the self-fertilised plants, w^ere 
combined into a single series, that scries w'onld be statistically 
regular. The experiment is tried in columns Yll. and VIIJ., 
where the regularity is abundantly clear, and justifies us in 
considering its mean as i^Tfectly reliable. I have protracted 
those measurements, and revised them in the usual way, by 
drawing a curve through tlicm wdth a free liantf, but the le- 
vision barely modifies ^le means derived from origin<al 
observations.. In the preserft, and in nearly all tlie otbei^ cases, 
the difference hetwreen the original and revised means Is under 
2 pef cent, of their value. It is a very remarkable eoineidenfe 

c 




18 INTEODUCTOBY l^EMApKS. ‘ CiiArI. 

that in the seven Icinds of plants, wlioso niensnremcnts I liave 
examined, the ratio between the h^if^hts of t|jc cross'd and of 
the self-frrtilised ranges in five cases witliin very narrow limits. 
Ill ^ra mays it is as 100 to 8^1, and in the 'others it ranges 
between 100 to 76 and 100 to 86.” 

“ The determination of the variability (measured by what is 
technically called the * probable error*) is a problem of more 
delicacy than that of chderinining the means, aiuf I doubt, after 
making many trials, wiiether it is possible to dtjrive nsefnl 
conclusions from these few observations. We ought to have* 
measurements of at least fifty plants in each case, in order ia 
bo in a positimi to deduce fair results. Om? fact, however, 
bearing on variability, is very evident in most cases, though not 
ill ^ca mays, viz., that the self-fertilised ])lants include tluj 
larger number of exceptionally small spi'cimens, while the 
crossed are more generally full grown.” 

“Those groups of (fases in which measurements have*- been 
made of a tew of the tallest plants Jhat grew in rows, each of 
which contained a multitude of jdants, show very cli*arly that 
the crossed plants exceed the sclf-fcadiliscd in height, but they 
do not tell by infenaico anything about their respective moan 
values. If it should hap]>cn that a series is known to follow 
the law” of error or any other law”, and if the number of indi- 
viduals in the scries is knowrn, it w'ould 1 >c always )^« Kssible to 
reconstruct the wdiole series wdien a fragment of it has been 
given. But I find no such method to be a])plicable in the 
present case. The doubt as to the numlxjr of jilaiits in each row 
is of minor importance ; the real difficulty lies in our ignorance 
of the iirecise law follow^ed by the scries. The experience of 
the jdants in pots does not help us to determine that law% 
\)ecause the observations of siKih plants are too few to enable 
us to lay dowm more than the middle terms of the series to 
which they belong with any .sort of accuracy, wdiereas the cases 
we are now considering refer (o one of its extremities. There 
^ are other special difficulties which need not l>e gone into, as the 
one already mentioned is a complete bar.” 

'Mr. GaWou sent me at the same time graphical 
reprc^iciffcations wliich he had^nfado of the measure- 
ments, and they evidently form fairly regular curves, 
appends the words “ very good ” to those of Zeaoind 
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Liiniinnthos. He also calculated tlic average height 
of the erossed«aiid selfd'ertiliscd plants in the seven 
taldes by a more coiTC'ct method tlian that followed 
by me, namely, by including the heights, as estimated 
in accordance with statistical rules, of a few plants, 
.which died^ before they were measured; whorcnis I 
lyerely added uj) the heights (^f tlie survivors, and 
flivided the sum by their number. The diflerenee in 
our n^sults is in one way highly satisfae>toiT, for 
th(j av()rage lieights of the self-fertilised plants, as 
dcaluccnl by jMr. (ialton, is loss than mfne in all tln^ 
(Vises (excepting on«, in whi(di our averages an* 
the same ; jind this shows that F have by no means 
exagg(U‘at<*d tlie superiority of the crossc^d ov(:‘r tin* 
self-fort i I isinl plants. ^ 

After the heights of the crossed and self-fertilised 
plants liad becm tak(*n, they were sometimes cut down 
(dose to the ground, and an (Hpial number of both 
weigh<‘d. This nietliod of comparison gives very 
striking results, and 1 wish thiit it had been oftener 
followed. Finally a recwd w-as often k(*pt lif any 
marked diffenuK'o in the rate of g(*rmination of tin* 
crossed and self-fertiliSed seeds, — of the relative periods 
of flowering ^)f tln^ plants raised from them, — and of 
their productiveness, that is, of the number of sec^d- 
(*a])sules whi(di they produced and of the average* 
number of seeds which each capsule contained. 

• 

When I began my experiments I did not intend t<f 
raise (irosscid and self-fertilised plants for more than a 
single geiKU'ation; but as soon as the plants of the 
first generation w^ore in flow-er I tlionghf that I would 
raise one more generation, and acted in the foHowing 
manner. J^ovoral flowers on one or more of the self- 
fertilised ])lants were again self-fertilised ; and sevefal 
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flowers on one or more of the crossed plants were ferti- 
lised with pollen from another crossed plant of the 
same lot. Having thns once begun, the same method 
was followed for as many as ten successive generations 
with some of the species. The seeds and seedlings were 
always treated in exactly the same manner as already 
described. The self-fertilised jdants, wliether original v 
descended from one or two mother-plants, were thus in 
each generation as closely interbred as was possible : 
and I could ^not have improv(id on niy plan. But 
instead of crossing one of the crossed plants Avith 
another crossed plant, 1 ought to have crossed the s(df- 
fertilised plants of each generation Avith pollen takiai 
from a non-related plant — that is, one belonging to a 
distinct family or stock of the saine sj)ecies and variety. 
This Avas done inl5ev(?ral cases as an additional experi- 
ment, and gave very striking results. But the plan 
usually followed was to put into competition and 
<*ompare intor(*rossed plants, Avhich Avere almost ahvays 
the offspring of more or less closely related plants, Avith 
the self-fertilised plants of each su(j(5(j(Mliiig genera- 
tion; — all having been groAvn under closely similar 
conditions. 1 have, lioAvever, learfit more by this method 
of proceeding, Avliich Avas begun by an , oversight and 
then necessarily folloAved, than if I had ahvays crossed 
the self-fertilised plants of each succeeding generation 
Avith pollen from a fresh stock. 

I have said that the crosired plants of th() succ(?ssive 
I generations Avere almost ahvays inter-related. When 
the floAvers on an hermaphrodite plant are crossed 
Avith pollen taken from a distinct plant, the seedlings 
thhs raised indy be considered as hcrinaphroditc brothers 
or sisters ; those raised from the same capsule being as 
close as twins or animals of the same litter. iut in 
ofce sense the flowers on the same plant are distfhet 
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indivirluals, and as several flowers on the mother-plant 
were crossed by pollen taken from several flowers on 
the father-plant, such seedlings would l)e.in one sense 
half-brothers or sisters, but more closely related than 
are the half-brothers and sishu’s of ordinary animals.# 
.Th(i flovv(ii*s, on the mother-plant wen^, however, eom- 
T^only crossed by pollen taken from two or more dis- 
tinct j)lants ; and in these cases the seedlings might 
be called with ‘more truth half-brothers or sisters. 
When t?wo or three mother-jdants were cjossed, as often 
happcuKjd, by pollen taken from two or* three father- 
plants (the seeds being all intermingled), some of the 
seedlings of the first generation would be in no way 
related, whilst many others w'ould be whole or half- 
brothers and sisters. Jn the second generation a large 
number of the seedlings would bo wMit may be called 
whole or half first-cousins, mingled with whole and 
half-brothers and sisters, and with somcj plants not at 
all related. So it would be in the succeeding genera- 
tions, but there would also be many cousins of the 
second and more remote degrees. The relationship will 
thus have become more and more inextricably complex 
in the later gcneratio^is ; with most of the plants in 
some degree, a^id many of them closely related. 

I have only one other point to notice, but this is one 
of the highest importance ; namely, that the crossed 
and self-fertilised plants were subjected in the same 
generation to as nearly similar and uniform conditions as 
was possible. In the successive generations they were« 
exposed to slightly different conditions as the seasons 
varied, and they were raised at different periods. But 
in other respects all were treated alike, being gro^:n 
in polg in the same* artificially prepared soil, •being 
watered at the same time, and kept close together 
in the same greenhouse or hothouse. They wefe 
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therefore not exposed during successive yours to such 
j;»reat vicissitudes of climate us arc plants arrowing out 
of doors. 

- On soma apparent and real Causes of Error in iny 
yeriments, — It has bcnni ohjccte<l to siudi (‘XpcTiiiients 
as mine, that covering plants with a Jiet, althoiigli only 
foY a short time Avliilst in flower, may affect tlieir li(‘alth 
and fertility. 1 have seen mi siudi (dlect (\\ct‘pt in oia^ 
iustaiico with u Myosotis, and tlie covering may not 
tlien huA^e beeh the real cause of injury. IVut (^veii if 
the not Avoro slightly in jurious, and <‘.ertainly it was mit 
so in any high degree, as I could judge by tin* appear- 
ance of the plants and by comjmring the' • hudility witii 
that of neighbouring iincoA^ered. plants, it >\oiild rad 
haviJ Autiatod my %xperim(‘nts ; for in all the imu'o im- 
portant cases the fl('wers Avere cr(*ssed as w(dl as self- 
iertilised under a net, so that taey were treated in this 
resjject exactly alik(.‘. 

As it is impossible to exclude such minute pollen- 
<*arrying iiisetds as Thrips, flowers which it was int(?nded 
to fertiliser with tlieir own pollen may somotinies have 
been afterwards crossed Avith pollen brought bj these* 
insects from another flowin' on the saimr plant ; I 't as 
we shall heroaftirr stre, a cross of this kind docs ^ 
produce any effect, or at most only a slight one. When 
two or more plants were jdaced near one anothc*r 
under the same iiirt, as Avas: often done, there is soim. 
Q’eal though not great danger of the flowers which 
were believed to be self-fertilised being aftirrwards 
crossed with pollen brought by Thrips from a distinct 
])lAnt. I have said that the danger is not great, 
l>ecause 1 have often found that plants which are 
self-sterile, iinhiss aided by insects, remained steril ? 
when several plants of the same species Avere plabed 
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iiTi(l(ir the same net. If, however, the flowers which 
liad been presRmably self-fertilised by mo were in any 
ease afterwards crossed by Thrips with jpUon brought 
from a distinct plant, crossed seedlings would have 
been included amongst the self-fertilised ; but it shoultl 
,be (ispeciall^V obst^rv^ed that this occurrence would tend 
diminish and not to increase any siip('.riority in 
^iveragi^ height, fertility, &c., of the crossed over the 
self-f(^rtilised plants. 

As t?ie flowers which were crossed w^‘re never cas- 
trated, it is probable^ or even almost Certain that I 
•^’niKitimes failed to (;ross-fertilise them (effectually, and 
that tliey were afterwards spontamumsly self-fertilised. 
Tn ( would have b(;eii most likely to occur withdicho- 
ga in oils species, for without much care it is not (jasy to 
perceive whether their stigmas are* ready to bc) fer- 
tilised when the anthers open. But in all cases, 
u-i the ilowers wcu’e protected from wind, rain, and the 
’'**cess of insects, any pollen placed by me on the 
gmatic surface whilst it was immature, would gener- 
i, ./ I iv(i remained therij until the stigma was mature ; 

I'.e Ilowers ,vould then have been crossed as was 
‘ oded. Nevertlnfless, it is highly probable that 
self lertilisei^ seedlings have sometimes by this means 
got included amongst the crossed seedlings. The effect 
would be, as in the former case, not to exaggerate^ 
but to diminish any average superiority of the crossed 
over the self-fertilised plauts. 

Errors arising from the two causes just named, ani 
from others, — such m some of the seeds not having 
been thoroughly ripened, though care was taken to 
avoid this error — the sickness or unperiffeived injurj; of 
any of the plants,— will have been to a largii extent 
tdimmatefl, in those cases in which many crossed and 
s(Af-fertilised ^plants were measured and an aveimge 
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struck. Some of these causes of error will also have 
been eliminatiMl by the seeds having Iven allowed to 
germinate on bare damp sand, and being planted in 
pairs ; for it is not likely that ill-matured and well- 
matured, or diseased and healthy seeds, would germi- 
nate at exactly the same time. The samp result will 
liave been gained in the several cases in which only .a 
few of the tallest, finest, and healthiest plants on eacli 
side of the pots were measured. 

Ivdlreuter atid (Partner* have })roved that with some 
plants several, even as many as. from fifty to sixty, 
pollen-grains are necessary for the fertilisation of all 
the ovules in the ovarium. Isaudin also found in 
the case of Mirabilis that if onjy oik* or two of its 
very large pollen^grains were placed on the stigma, 
the jdants raised from such S(X.‘ds were^ dwarfed. 
I was therefore careful to give an amply sufficient 
supply of polhm, and generally covered the stigma 
with it ; but I did not take any special pains to place 
exactly the same ambunt on the stigmas of the self- 
fertilised and crossed flowers. After having acted in 
this manner during two season^, I remembered that 
Gartner thought, though without any dir.e(!t evidence, 
that an ex(jcss of pollen was perhaps injurious ; and it 
has been ])roved by Bpallanzani, Quatrefages, and 
Newport,t tliat with various animals an excess of the 
seminal fluid entirely prev,ents fertilisation. It was 
therefore necessary to ascertain whether the fertility of 
the flow^ers was affected by applying a rather small and 
an extremely largci quantity of pollen to the stigma. 
Accordingly, a* very small mass of pollen-grains was 

♦ ‘ Konntniss der Bofruch- tom. i. p. 27. , 

tiing,* 1844, p. 345. Naiidin, f ‘Transactions Philosophipiil 
^ Ndttvelles Archives du Museum,* Soo.’ 1853, pp. 253-258. 
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placed on one side of the large stigma in sixty-four 
flowers of Ipomom purpurea, and* a great mass of pollen 
over the whole surface of the stigma in six^y-four other 
flowers. In order to vary the experiment, half the 
flowers of both lots were on plants produced from self- 
fcrtilised se^ds, and the other half on i)lants from 
cr 4 >sscd seeds. The sixty-four flowers with an excess 
of pollen yielded sixty-one caj^sules; and excluding 
four cajisiiles, each of which contained only a single 
poor seed, the remainder contained on an average 5*07 
seeds per capsule. The sixty-four flowefs with only a 
little pollen placed oii one side of the stigma yielded 
sixty-three capsules, and excluding one from the same 
cause as before, the remainder contained on an average 
5*129 seeds. So that^the flowers fertilised with little 
pollen yielded rather more capsules and seeds than did 
those fertilised with an excess ; but the difference is 
too slight to be of any significance. On th(i other 
hand, the seeds produced by the flowers with an excess 
of ])ollen were a little heavier of the two; for 170 of 
them weighed 79*67 grains, whilst 170 seeds from the 
flowers with very little pollen weighed 79*20 grains. 
Both lots of seecls haVing been placed on damp sand 
presented no«diflbrence in their rate of germination. 
We may therefore conclude that my experiments Tvere 
not affected by any slight difference in the amount of 
pollen used ; a sufficiency having been employed in 
all cases. 

The order in which* our subject will be treated in 
the present volume is as follows. A long series of ex- 
periments will first be given in Ohapferg II. to VI. 
Table^ will afterwards be appended, showing In. a con- 
densed form the relative heights, weights, and- fertility 
of Ihe offspring of the various crossed and self-fertilisDcl 
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species. Another table exhibits the striking results 
from fortilising plants *\vhich during several generations 
had eitlier ,boeii self-fertilised or had becui crossed 
with plants kept all the time under clost‘ly similar 
^ conditions, with pollen taken from jdaiits of a distinct 
stock and Avhich had been exposed to dithu-ent con- 
ditions. In the concluding chapters various related 
points and questions of general interest will be 
discussed. 

Anyone imt specially mte^rested in the subject need 
not attempt* to read all the details; tlumgli they 
possess, 1 think, scuiie value, aiyl (*.auiiot be all sum- 
maris(ML Ihit 1 would suggest to the reader to take 
as an exam]>le the ex])eriments on Ipomcea in (^Jiapter 
II. ; to which may Ixi added those on Digitalis, Origa- 
num, Viola, or the common cabbage, as in all thest* 
cases the crossed plants are suj)eriur to the self- 
fc^rtilistMl in a marked degree, but not in quite the 
same maniKU*. As instances of sell-fertilised jdants 
being equal or su})erior to the crossed, the experiments 
on Bartonia, Caiina, and the comiiKjn pc.‘a ought to bo 
read ; but in the last case, and probably in that of 
Carina, th(i want of any superiority in the crosstxl 
plants can be explained. 

Sp(‘ci(?s were sidected for experiment belonging to 
wddely distinct families, inhabiting various countries. 
In some few cases several genera belonging to the 
same family were tried, and these are grouped toge- 
lAher ; but the families themselves have been arranged 
not in any natural order, but in that which was the 
most convenient for my purpose;. The experiments 
hav^e been ^uliy given, as the results appear to me of 
sufficient value to justify the details. Plants bearing 
hermaphrodite flowers can bo interbred m©ro closely 
than is possible with bisexual animals* and are there- 
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fore w(‘]I-fitte(l to throw lij^^ht on the nature and extent 
of the g’ood elTttcts of crossing, and on the evil eflccts 
of closi.^ interbreeding or self-fertilisiition.. The most 
important conelnsion at which I have arrived is tliat 
the m(‘re act of crossing by itself does no good. The 
good d(jpen(l;3 on tlie individuals which are crossed 
diflering slightly in constitution, owing to their pro- 
gT»i)itors having been subjected during several genera- 
tions to slightly different conditions, or to what we 
call in %m' ignorance spontaneous variation. This 
conclusion, as we shall hereafter see, ii? closely con- 
nectird with various important physiological problems, 
such as the benelit derived from slight changes in the 
conditions of life, and this stands in the closest con- 
n(?ction with life itself.^ It throws light on the origin of 
the two sex(3s and on their separation or union in the 
same individual, and lastly on the whole subject of 
hybridism, which is one of the greatest obstacles to the 
general acceptance and progress of the great principle 
of evolution. 

In ord(3r to avoid inisapprehension, I b(ig leave to 
repeat that throughout this volume a crossed plant, 
seedling, or seed, meatis one of crossed 2 ^arenta(je, that 
is, one doriv^jd from a flower fertilised with pollen 
from a distinct plant of the same species. And that 
a self-fertilised plant, seedling, or seed, means one 
of self-fertilised that is, one derived from 

a flower fertilised with ptdlen from the same flower, 
or sometimes, when thus stated, from another flowen 
on the same plant. 
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IPOMCEA PURPUREA. 


Chak. II. 


CHAPTER IL 

Cos VOLV VL ACE JE. 

Il)om(Ea purpurea, comparison of the and fertility of the 

crossed and self-fertilised plants during ten successive generations 
— Creator constitutional vigour of the crossed jdanta— Thi; effects 
on the offs})ring of crossing diucrent flowers on the same plant, 
instead of crossing distinct individuals — The eftects of a cross with 
a fresh stock — The descendants of the stdf-fertilised plant uami'd 
Hero —Summary ou the gn3wth, vigour, and fertility (d* the suc- 
cessive crossed and self-fertilised generations — Small amount of 
pollen in the anthers of the self-fertilised plants of the lat(T genera- 
tions, and the sterility of their first-i)rodnced flowers — Uniform 
cf)lour of the flowers produced by the solf-tjLirt ilised plants — The 
advantage from a cross between two distinct plants despends on their 
differing in constitution. 

A PLANT of fyomoia 2'>tirpureay or as it is often called in 
England the convolvulus major, a native of South 
America, grew in my greenhouse' Ten flowers on this 
plant were fertilised with pollen from the same flower ; 
and ten other flowers on the same plant were crossed 
with pollen from a distinct plant. The fertilisation of 
the flowers with their own pollen was superfluous, as 
this convolvulus is highly self-fertile ; but I acted in 
this manner to make the experiments correspond in all 
respects. Whilst the flowers a^e young the stigma 
projects be^(md the anthers ; and it might have been 
th.dught that it could not be fertilised without the aid 
of hun^blc-bees, which often visit the flowers ; but as 
the flower grows older the stamens increase in length, 
and their anthers brush against the stigma, which thus 
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receives some j^ollen. The number of seeds produced 
by the crossed {yid self-fertilised flowers differed very 
little. 

Crossed and self-fertilised seeds obtained in the above 
manner were allowed to germinate on damp sand, nnd as often 
as pairs germinated at the same time they were planted in the 
manner descrilfed in the Introduction, on the opposite sides of 
tgl) pots. Five pairs were thus planted ; and all the remaining 
seeds, whether or not in a state of germination, were planted on 
the opposite sides of a third pot, so that the young plants on 
l)oth sidel were here greatly crowded and cjposed to very 
severe competition. Rods of iron or wood of ^qual diameter 
were given to all the plants to twine up; and as soon as one of 
each pair reached tlio sifmmit#both were measured. A single 
rod was placed on each side of tlie crowded pot. No. III., and 
only the tallest plant on each side was measured. 


TabIjK I» (^First Generation,') 


1 

No. of ]»ot. i 

Scedlinps from 
Crossed Plants. 

SoetlliiiKH fi'om 
S(‘lf-l‘ertilisrd Plants. 

1. 

Inches. 

sii 

89 

Inches. 

G9 

GO 

73 

11, 

88 

87 

• 

OSj 

60 1 

III. • 

riants cro\^*!ed ; the | 

77 

57 

talU'Ht ()n<' nieu- ; 



surod on each side, j 



Total in inches, j 

51« 1 

394 


The average height of the six*crossed plants is here 86 inches, 
whilst that of the six self-fertilised plants is only 65 ‘66 inches,' 
so that the crossed plants ^re to the self-fertilised in height as 
100 to 76. It should be observed that this difference is not due 
to a few of the crossed plants being extremely tall, •or to a fevfc of 
the self-fertilised being ^'xtrernely short., but to all the crossed 
plants cttaiivng a greater height than their antagonist?. The 
three pairs ih Pot were measured at two earlier periods, an<J 
the difference was sometimes greater and sometimes less than tlHit 



IPOMCEA. I*UKrUKF*\. 


Chat;. II. 


30 

f 

at the final moasurinp:. But it is an interesting lact, of whieh 1 
Jmvc FOOTi several other instances, t]ii;t one of the self-forlilisod 
plants, when nearly a foot in height, was halt an inch falhT than 
the crossful ]hanl; and again, when two feet high, it was IJ of 
an inch tailor, but during the ten subsequent days the cross(*d 
plant began to gain on its antagonist, and over afterward asserted 
its supremacy, until it exceeded its self-fertilised ojqionent by 
1C inches. 

The five crossed planits in Tots 1. and II. w(‘ro eov(n*ed with a 
net, and produced 121 capsules; the five self-f(‘rtiliseil plants 
produced oighty-fonr capsules, so that tlve numbers (jf (•a))sules 
were as 100 to G9. Of the 121 capsules on the ero.,stHl ])lants 
sixty-live were -the product of flowers crossed with pollen from a 
distinct plant, and these contained on an averag(>i 5 ■28 sen^ds per 
capsule; the remaining fifty-^ix capsules were spontaiu'ousl.v 
self-fertilis(KL Of the eightj'-four cai)sules on the self-fertilised 
plants, all the product of renewed self-fertilisation, lifty-five 
(which were alone examined) contained on an avci'ago ‘1*85 
seeds per capsule. 'J'licrefore the cross-fi'rti list'd capsules, com- 
pared with the self-fertilised capsules, yielded seeds in tlie 
proportion of ]00 to 93. The erosst^d seeds were rclaiively 
heavier than the sc;lf-tbrtilised seeds. Combining tbo abovt^ 
data (i.e., number of capsules and average jiunibcr of eontaint'd 
seeds), tlic crossed ])Iaiits, eoinpared with the sclf-ftadilistul, 
yielded seeds in the ratio of 100 to 64. 

These erosstul jilants ])roduced, as already stated, fifty-six 
spontaneously self-fertilised eapsult^s, jiiid tlio st'lf-fi'rtilised 
plants produced twenty-nine such capsules. The IbniHT con- 
taiTied on an average, in comparison wu'tli Hie lattc'r, seeds 
ill the ])r()])ortioii of KX) to 99. 

In Pot 111., on the ojqiosito sides of wliieh a large numln'r of 
crossed and self-fertilised seeds had bt'cn sown and tht' s('c<l- 
liiigs allowed to struggle togetlwir, the crossed jilants lia<l at 
first no gr(;at advantage. At ftiic time the tall(ist cross('d was 
®251- inches high, and tlie tallest self-fertilised jdants 21j. But 
the difierenc(i aft(!rv\\ards bc(!aine niudi greater. The plants on 
both sides, from Indiig so crowdcnl, weri! jwior specimens. The 
fioivers were filk>wed to fertilise themselv(!s sjumtaneously under 
a* net; the emssed plants produced yn*rty-S(;ven eapsuJf^s, the 
self-fertilised plants only eighteen, or as 100 1o 47.^ Th^ former 
f ontained on an average 3 ■ 02 seeds jier capsule ; atid i ho latter 
3^8 seeds, or as 100 to 93. Combining these data (i.e., iiuhilicr 
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i)f c;n>siilcs and averaf^o niimlx'r of seeds), the* crowded crossed 
plants j)r{>dii(‘ed seeds compared with tlie self-fertilised as 100 
to 45. Those latttT however, wore decidedly heavier, a 

hundred wei}j:]iinj:: 41*01: p*airis, than those from the capsules 
on the crossed jilants, of wliich a hundred weighed 36*79 grains ; 
and this ]n*ohahly was due to the fewer capsules home hy the 
s<4f-fer1i]ised ]»laiits having ])oen Ixdtcr nourished. We thus see 
tiiat the crossi'd ]»lants in this the first goiuTation, when grown 
iiwler favourahle conditions, and w'hen giwvn under unfavour- 
aTlo conditions from lioingniuch crowded, greatly exceeded in 
height, and in the number of capsules iirodiiecd, and slightly 
in th('. nii%l)er of seeds per capsule, the self-ferti]ised plants. 

Crossed and stlf -fertilised Plants of the Secon4 (Generation . — 
Flowers on tlic crossed plants of the last generation (Table I.) 
were crossed hy i)oll('n frrtm dls^tinct iilaiits of the same genera- 
tion ; and flowers on the self-fertilisc(l plants w'(;rc fertilised by 
pollen from the same flower. The seeds thus iirodncod WTre 
treated iu every res]H.‘ct as lK*fore, and wc have in Table 11. 
the result. * 


Tablk it. (Seroml (IvneraHon.) 


No. of Pot. ' 

CrosstHl Pliints. 

Self-fertilisod Plunts. 


Jnchos. 

Inches. 

I. 

S7 

()7 J 

1 

h:; 


! 

8;} 

80 j 

IL 

85 j 

1 «is 

j 

89 i 

i 79 


77| 

1 

Tot.il inch os. 

."Oo 

j 398 

1 


Here again every single crossed jdaiit is taller than its anta- 
gonist. The self-fcrtilisetl jilant in Pot L, which ultimatolyi 
reached the unusual lieigl^t of 80^- inches, was for a long time 
taller than the opjiosed crossed plant, though at last Iwaten hy 
it. The avo^agt^ Jieight of the six crossed pla.nt%is*84 * 16 iiicljes, 
whilst that of the six self-fortiliBod plants is 66*83 inches, or 
as 100 ^0 79. 

Crossed an^ selffertiUsed Plants of the Third, (reneration , — Seeds 
from the crossed plants of the last generation (Table II.) agaift 
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crossed, and from the self-fertilised plants again self-fertilised, 
were treated in all respects exactly as before, with the following 
result : — 


Table III. (^Thml Qencration,^ 


No. of Pot. 

1 

j Crossed Plants. 

S«'lf-fertilised Plants. 


Inches. 

Jnc'iios. 

I. 

! 74 

50 j 


i 



1 73 ^ 

i>4 

ij. 

82 . 

50 

81 

30 

4/ 

i 82 

GO 

Total inches. 

4(H-r) 

317-0 1 


Again all the crossed plants arehjgh(‘rthan their antagonists: 
their average heiglit is 77*41 inches, whereas that of the self- 
fertilised is 52*88 inches, or as 100 to G8. 

I attended closely to the fertility of the plants of tills third 
generation. Thirty howers on tin? crossc^l plants wt'H! (Tossed 
with ])ollcn from ()th(?r crossed plants of the saiiu* g(‘neration, 
and the twenty-six cajisules thus ])rodiiced coutaiiu'd, on an 
average, 4*78 seeds; whilst thirty tlowers on the self-fertilistul 
jilants, fertilised with tlie ])olhm from the same flower, prod uc('d 
twenty-three caiisuh's, each containing 4*48 se(‘ds. Thus the 
averages number of seeds in the crossed ca])siiles was to that in 
the self-fertilised ca])sules as 100 to 04. A Jiundred of the 
crossed seeds weighed 48*27 grains, whilst a hundred of the self- 
fertilised seeds w'eighed only 87 * 08 grains. Many (jf these lighter 
self-fci*tilised seeds placed on damp sand germinated heforc the 
crossed ; thus thirty-six of the former germinated whilst only 
thirtecai of the latter or crosscfil seeds germinat(Hl. In Pot I. 
‘the three crossed idants produ(*e(l spontaneously under the net 
(tesidcs the twenty-six artificial! y«i cross-fertilised capsules) 
seventy-seven self-fertilised capsules containing on an average 
4*41 seeds; AvlMlst the three self-fertilised j)lants produced 
spontaneously (besides the twcnty-tliree artificially self-fertilised 
capsul(^) only twenty-nine self-fertilised capsules, contajping on 
an average 4*14 seeds. Therefore the average nunaber of seeds 
irptho two lots of spontaneously self-fertilised -capsules .was as 
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100 to 94. Taking into consideration the number of capsules 
together with the average numl)er of seeds, the crossed plants 
(spontaneously self-fbrtilisod) produced seeds in comparison with 
the self-fertilised plants (spontaneously self-fertiKsed) in the 
proportion of 100 to 35. By whatever method the fertility of 
these plants is compared, the crossed arc more fertile than the 
self-fertilised plants. 

I tried in sovtjral ways the comparative vigour and powers of 
gr^Vtli of the crossed and self-fertilised plants of this third 
generation. Thus, four self-fertilised seeds which had just 
germinated were ]jlanted on one side of a pot, and after an in- 
terval of foi^y-(‘ight hours, four crossed seeds in the sfiine state 
of germination were planted on the opposite sidei; and the pot 
was kept in the hothouse. I thought that the advantage thus 
given t«i th(j self-fertilised ficedliiigs would have been so great 
that tlu‘y would never have been beaten by the crossed ones. 
They wtu’e not beaten until all had grown to a height of 18 
inches; and the degi’ee to which they were finally beaten is 
shown in the following table (No. IV.). We here see that the 
average height of the four crossed plants is 70*0)2, and of the 
four self- fertilised jdaiits 0)5*87 inches, or as 100 to 8G ; there- 
fore less than when both sides started fair. 

Tahlk tv. (I'liird Gntemtion, the self -(fertilised Plaafs having 
had a utart (f forty^eight hours.') 


No. ofl’i.t. 

Crc»s>od Plants. 

Self-fertilLsetl Pl.ints. 


Inches. 

Inches. 

III. 

78 | 

T-n 


77 ^ 

53 


73 



* 77 .» 

i:rl 

Total inches. 

300 -5 

203-5 



i 


Crossed and self-fertilised seeds of the third generation were 
also sown out of doors lato^n the summer, and therefore under 
unhivourable conditions, and a single stick was given to each 
lot of plants to twine up. The two lots wtre* sufficientiy 
separate so as not to intcJijfere w-ith each other’s gi’owth, and tlnl 
ground was clpar of weeds. As soon as they were killed T)y the 
first frost (and therj was no difference in their hardiness), the 
two fkllest crossed plants wore found to be 24 * 5 and 22 * 5 inched, 

1 ) 
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whilst the two tallest self-fertilised plants were only 15 and 
12-5 inches in height, or as 100 to 59. 

1 likewise sowed at the same time two lots of the same seeds 
in a part oi the garden which was shady and coYcrod with 
weeds. The crossed seedlings from the first looketl the most 
healtliy, but they twined up a stick only to a height of 7[ inches ; 
wliilst the s(^]f-fertilisod wTre not able to twine at all ; and the 
tallest of them was only 3 i inches in height. 

Lastly, two lots of the same seeds wx‘re sown in the inids^ of 
a bed of candy-tuft (Iberis) growing vigorously. The seedlings 
cainc up, Vmt all the self-fertilised oin^s soon died excc])ting one, 
wiiich never 'twined and grew* to a height of on.y 4 inches. 
Many of the ‘crossed seedlings, on the other hand, survived; 
and some twined up the stems of the Iberis to the height of 
11 inches. Those cases pr»vc tliat the crossed se(‘dlings 
have an immense advantage over the self-fertilised, both wiien 
grow'ing isolated under very unfavourable conditions, and when 
put into competition with each other or with other ])]ants, as 
would happen in a state of nature. 

Crossed and se!f ’•fertilised Plants of the Fourth Ceverntion. — Seed- 
lings raised as before from the crossed and self-fertilised plants 
of th(} third generation in Table 111., gave results as follow's: — 


Table V. {Fourth Generation,') 


No. of Put. 

Crossed Plants. 

Self-lVnilised Plants. 

I. 

Iiiclies. 

84 

47 

Inclu'S. 

80 

^ 44J 

li. 

83 

59 

73 i 

51 1 

in. 

i 82 

56 J 


1 

05 

i 

•68 

52 

Totul indieii. 

488*5 ^ 

421*0 


• Here the average height of the seven crossed plants is 69*78 
'inche^, and that of the seven self-fertilised plants 60*14; or as 
100 to 86. This smaller difference relatively thttt in the 
• former generations, may be attributed to thg plants having been 
f aised during the depth of winter, and consequently to th(Sr not 
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having grown vigorously, as was shown by their general ap- 
pearaneo and from geveral of them never reaching the summits 
of the rods. In Pot II., one of the self-fertilised plants was for 
a long time taller by two inches than its opponent, but was 
ultimately beaten by it, so that all the crossed plants exceeded 
their opponents in height. Of twenty-eight capsules produced 
by tlie crossed plants fertilised by jiollen from a distinct plant, 
each contained on an average 4 *75 seeds; of tw^enty-seven self- 
ferfilised c.apsnles on the self-fertilised i)lants, each contained 
on an average 4*47 seeds; so that the proi)ortion of seeds in the 
crossed and self-fertilised capsules was as 100 to 94. 

Some of \he same seeds, from which the j>laifts in the last 
Table V. had been raised, wer(5 planted, after thfsy had germi- 
nated on (lamp Sand, in a ^square tub, in whi(*h a large Brug- 
mansia had long luicii growing.* The soil was extremely poor 
and full of roots ; six crossed seeds w(n*e jdanted in one (corner, 
and six self-fertilised scieds in the opposite corner. All the 
seedlings from the latter so()n died excepting one, and this grew 
to the height of only li inches. Of the crossed plants three 
survived, and they grew to the height of inches, but were not 
able to twine rouml a stick; nevertheless, to my surjuise, they 
inoduced some small miserable flowers. Thc^ crossed plants 
thus had a decided advantage over the self-fertilised plants 
under this extremity of bad conditions. 

Orossi‘d arid self-fertilised Plants of the Fifth Generation, — These 
were raised in the same manner as before, and when measured 
gave the following results:-^ 

TabIiF. VI. {Fifth Generation.) 


No. of Pot. 

CnissiHl Plants. 

St'lf-fertilisod Plants. 

1. 

liH’hcs. 

96 

86* 

69 

Inrhes. 

73 

78 

29 

II. 

84- 

51 


8+ 

84 


76i 


Total inches. 

495*13 

. 374*00 





Til® average height of the six crossed plants is 82*54 inches, 

D 2 
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and tliat of tho six self-fertilised plants G2*33 inelies, or as 100 
to 75. Every crossed i)lant exceeded its antap:onist in height. 
In Pot I. the middle plant on the crossed side was slightly 
injured whilst young hy a blow, and was for a time beaten by 
its op])oncnt, but ultimately recovered the usual su]>eriority. 
The crossed jilants produced spontaneously a vast number more* 
cajisules than did the self-fertilised ]»laiits; and the capsul(‘s of 
the former contained on an average 3*37 seeds, w’hilst those of 
the latter coTitained only 3*0 jkt capsule, or as 100 to 89. Put 
looking only to the artificially fertilised capsules, thos(^ on tli(‘ 
crossed ])lants again crossed contained on an average 4* 40 
seeds, whilstA those on the self-ftniilised ])hiiits again self- 
fertilised contained 4*77 s(^eds; so that the self-f(Ttilised cap- 
sules were tli(‘ more f(!rtile of the tw^o, and of this unusual fact 
I can offer no explanation. '' 

(Vo.sW nhd Sfif-Jh'tilised Plaids of the Suih Oeheraiion , — 
These w’cre raised in the usual manner, w ith the following result. 
I should state that there were originally eight ])lants on each 
side; but as two of the self-fertilis(?d became extremely un- 
healthy and never gr(>w' to mur their full Ji(*ight, these as well 
as their o])]K)nents have liecn struck out of the list. If they had 
been retained, they w'ould have made the av(Tage height of the 
(u*oss('d plants unfairly greater than that of the self-fertilised. 
I have acted in the same manner in a few other instances, w’hcn 
one of a i)air plainly became very unhealthy. 


Table VII. (Sijrth (hitcrafion.) 


No, of I’ot. 

('r<».s8pd ri.iiiiH. 

S«‘’u-fi*rtilise(l Pluntfl. 


Inches. 

liirlii s. 

1. 

9:1 

.50 i 


91 

65 

II. 

79 

50 


•86 i 

87 


88 

62 

III. 

87i - 

64 i 

Tt/tah’nches. 

525 

379 


The average height of the six crossed plants isjhere87'5, and 
^ of the six self-fertilised plants 63*16, or as IQO to 72. This large . 
difference was chiefly due to most of the plants, esi)ccialiy the 
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self-fertilised ones, having become unhealthy towards the close 
of their growth, and they were severely attacked by aphides. 
From this cause nothing can Ih) inferred with respect to their 
relative fertility. In this generation we have the first instance 
of a self-fertilised plant in Pot IT. exceeding (though only by 
lialf an inch) its ci’osse:! opponent. This victory was fairly won 
after a long struggle. At first the self-fertilised plant was several 
inches taller than itA ()p])onent, but when the latter was 41 
foxf high it had grown cfjual ; it then grew a little taller than 
the self-fertilised ])lant, but was ultimabdy beaten by it to the 
extent of half an inch, as shown in the talfie. I was so much 
sur[)risod a% this ease that I saved the self-fertilised seeds of 
this plant, which I w’ill call the ** Hero,” and experimented on 
its descendants, as will hereafter l)e described. 

Resides the plants inchfded ift Table VII., nine crossed and 
nine self-fertilised i)laiits of the same lot were raised in two 
other pots, IV. and V. These pots had been kept in the liot- 
housti, but from want of room were, whilst the plants were 
young, suddenly moved during very cold weather into the 
coldest part of the greenhouse. They all suffered greatly, and 
never (|uit('. recov(u*e(l. After a fortnight only two of the nine 
self- fertilised seedlings were alive, whilst seven of the crossed 
surviv(Hl. The tallest of these latter plants when measured was 
17 inches in height, whilst the tallest of the two surviving self- 
fertilised i)lants was only 82 inches. Here again we sec how much 
more vigorous the crossed ])lants are Ihaii the self-fertilised. 

(h'ossf'd and atdf-fertiHsrd^ Plants of the Seventh Generation , — 
These were raised as^licrctofore with the following result : — 


Ta^ijle VIII. (SciMith Generation.) 


No. of Pot. 

Crossed Plants. 

1 Self-fertilised Plants. | 


Inches. 

Inches. 1 

I. 


1 74f 


i 84| 

1 8+ 


1 

I ">''>8 

II. 

i 84| 

1 65 


j 90 

1 


82| 

J 

III. 

83 

j en 


1 8« 

1 . 601 


i 


Total inches? 

i 755-50 

1 614-25 
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Each of these nine crossed i>lants is higher than its opponent, 
tlioiigli in one case only by three-quarters of an inch. Their 
average height is 83*94 inches, and that f>f the self-fertilised 
plants 68*2S, or as KK) to 81. These plants, after growing to 
their full height, became very unhealthy and infested with 
aphides, just when the seeds were setting, that many of the 
capsules failed, and nothing can be said on their relative 
fertility. 

ihosaedamd self-ferfilmd Phwts of the Kiffhth (ie't)erait 07 t.-~h^s 
just stated, the plants of the last generation, from wliich the 
present ones were raiscnl, w'cre very unhealthy and their seeds 
of unusually finall size; and this ju’ohahly account./ f<n‘ the two 
lots behaving differently to wdiat they did in any of the pre?- 
vious or succeeding generations. ]Many of the self tertiliseil 
seeds germinated before the /u*os.scU ones, and these w(^re of 
course rejected. When the crossid sec^dlings in Table IX. had 
grown to a height of botw(‘(ni 1 and 2 feet, tliey were all, or 
almost all, shorter than their self-fertilised (>])pononts, but wore 
not then measured. When they had ac(juired an average ludglit 
of 32*28 inches, that of the self-fertilised ihints was 40*08, or 
as 100 to 122. Moreover, every one of the self-fertilised plants, 
“with a single exception, excee^lcd its crossed 0 }>]K>nent. WJien, 
however, the crossed plants had gi*own to an av(!ragc height of 
77 *56 inches, they just exceeded (viz., by *7 of an inch) the 
average height of the self-fertilised plants; but two of tlie latter 
were still taller than their crossed oi»ponents. I was so much 
astonished at this whole <‘ase, that I tied string to the smnmits 
of tlie rod.s ; the plants being thus allowed /o coiitinne climbing 
upwards. When their growth was c<»ini)lete tlnsy wcto un- 
twined, stretched straight, and measnrwl. The cro.ssed jdants 
had now almo.st regained tlieir accustomed superiority, as may 
be seen in Table IX. 

The average height of the (dght crossed plants is here 113*25 
inches, and that of the sclf-fcJrtilised plarits 96*G5, or as 100 to 
86. Nevertheless two of the self-fertilis( d plants, as may be seen 
in the table, were still higher than their crossed opj)onents. 
The latter manifestly had much tliicker stems and many more 
lateral hranuhas, and lookcjd altogether more vigorous than tlie 
self-fertilised plants, and generally flowered before them. The 
earlicl flowers prcxluced by these se!f-fertilised jlan^? did not 
set any capsules, and their anthers contained* only a small 
•mount of pollen ; but to this subject I shaft return. Ncv%rthe- 
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loss(;{i|)suIcs produced by two other self-fertilised plants of th(^ 
same lot, not ijieluded in Table IX., wliicli had been highly 
favoured by being^rown in scy)arato pots, contained the largo 
average iiiimlKjr of 5‘1 seeds ])er capsule. 


Table IX. (lu^jldh Generation,') 


No. o{Vot. 

Crossfil Plants. 

Self-fcrtilisi'd Plants. 


Indies. 

Inches. 

I. 

iiii 

90 


127 

54 


i.-ws 

98 j 

" 11. 

97 J 

9^ 


89| 


III. 1 


115S 

] 

]()Og 

84 g 


UVii 

109 g 

Total inches. 

908-25 

773-25 


Crossed and self-fertiliscd IHants of the Ninth Gentraliou . — 
Tlui ])Iauts of this generation were raised in the same manner 
as before, with the result shown in Table X. : — 

Tin*, fourteen crossed plants average in height 81*yy inches 
and the fourteen self-fertilised i)lants Hi: *07, or as 100 to 79. 
One self-fertilised j)laiit in Pot III. exceeded, and one in Pot IV. 
equalleil in height, its opponent. The self-fertilised plants 
showed ]io sign of inherfting the yu’ccocious growth of their 
parents; this living been due, as it would ap])ear, to the 
abnormal state of the seeds from the unhealthiness of their 
parents. 'I'ho fourteen self-fertilised plants yielded only forty 
spontaneously self-fertilised capsules, to which must be added 
seven, the product of ten flowers artificially self-fertilised. On 
the other hand, the fourteen c¥osscd i)lants yielded 152 syKm- 
taneously self-fertilised capsules; but tliirty-six flowers on thesei 
plants were crossed (yicUyng thirty-three capsules), and these 
flowers would probably have produced about thirty sponta- 
neously self-fertilised capsules. Therefore ai^ ^ual number 
of the crossed and self-fertilised plants would have produced 
capsule^ in the proportfon of about 182 to 47, or as 100 to 26. 
Another plu&oinenon was well pronounced in this generation, 
but# I believe liafl occurred i)reTiously to a slight extend ^ 
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namely, that most of the flowers on the self-fertilised plants 
Avere somewhat monstrous. The monstrosity consisted in the 
corolla being irregularly split so that it did not oi)en properly, 
with one or two of the stamens slightly foliaccous, coloured, 
and firmly coherent to the corolla. I observed this monstrosity 
ill only one flower on the crossed plants. The self-fertilised 
plants, if well nourished, would almost certainly, in a few more 
generations, have produced double flowers, for they had already 
become in some degree sterile.* 


Table X. {Nmih Generation.) 


i 


7 

Pot. 

Crossed Piaiits. 

Sclf-fertiHsod Pliints. 


inches. 

Inches. 

I- 

R-q . 

57 


851 

71 


83 J 

48 § 

II. 

831 

45 


64i 

43S 


64i 

38 j 

III. 

79 

03 


88{ 

71 


; 

89 j 

IV. 

! 82 j 

82Ji 


90 

76 J 

V. 

i 89| . 

67 

Crowded plants. 

92 j 

. 74S 


1 92J 

.70 

Total inches. 

! 1139-5 

897*0 


Crossed and seJf -fertilised Plants of the Tenth Generation.— 
,plants were raised in the usual manner from the crossed plants 
of the last generation (Table X.) again intercrossed, and from 
the self-fertilised again self-fertiliRe3. As one of tlie crossed 
plants in Pot I. in the following table became much diseased, 
halving crumpled leaves, and i)roducing hardly any caiisules, it 
and its^opponent have been struck out of the table. 

, * See on this subject ‘ Variation Domestication,* chap, xviii. 2nd 
oft Animals and Plants under edit. vol. ii. p. 152. ^ 
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Table XL {Tenth Generation.') 


No. of Pot. 

Crossed Plants. 

Self-fertilised Plants. 

I. 

Inches. 

yaj 

94j 

Incites. 

34 S* 

n. 

87 

54^ 


893 

49 i 


105 

60 i 

Total indies. 

408*5 

252*0 


The five crossed plants average 98 * 7 inches, and the five self- 
fertilised only 50*4, or as*100 t« 51. This diflfcreiTce, however, 
is so groat that it must he looked at as in part accidental. The 
six (crossed plants (the diseased one here included) yielded sj^on- 
tanoously 101 caiisuh^s, and the six self-fertilised jilants 88, 
the latter being chiefly produced by one of the plants. But as 
the diseased plant, which yielded hardly any seed, is here included, 
the ratio of 101 to 88 does not fiurly give the relative fertility of 
the two lots. The stems of the six crossed plants looked so 
much finer than those of the six self-fertilised plants, that after 
the capsules had been gathered and most of the leaves liad fallen 
otf, they were weighed. Those of the crossed plants weighed 
‘2,093 grains, whilst those of the self-fertilised j)lants weighed 
only 1,173 grains, or as:^ 100 to 44 ; but as the diseased and 
dwarfed crossed iJant is here included, the superiority of the 
former in wciglffc was really greater. 

The Effects on the Offspring of crossing different Flowers 
on the same Plant, instead of crossing distinct individueds, 
— Ill all the foregoing e^tporimonts, seedlings from 
flowers crossed by pollen from a distinct plant (thougb 
in the later gcneratiotis more or less closely related) 
were put into competition with, and almost invariably 
proved markedly superior in height t8 tlie offspring 
from ^self-fertilised rflowers. I wished, therefore, to 
ascertain whether a cross between two flowers, on the 
saAe plant would give to the offspring any superiority 
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over the offspring from flowers fertilised with their 
own pollen. I procured some fresh seed and raised 
two plants, which were covered with a net ; and several 
of their flowers were crossed with pollen from a dis- 
tinct flower on the same plant. Twenty-nine capsules 
thus produced contained on an average 4* 80 seeds per 
capsule; and 100 of these seeds weigh (^d 3(3 ’77 grains. 
Several other flowers were fertilised with their ouU 
pollen, and twenty-six capsules thus produced con- 
tained on an average 4*42 seeds per capsuh; ; 100 of 
which weigho^l 42*01 grains. So that a cross of this 
kind appears to have in(ireasi.‘d slightly the numher of 
seeds per capsule, in the ratio of 100 to 91 ; but tluiso 
crossed seeds were lighter than the self-fertilised in the 
ratio of 8(3 to 100, I doubt, however, from .other 
observations, whether these results are fully trust- 
worthy. The two lots of seeds, after germinating on 
sand, were planted in imirson the opposite sides of nine 
pot^:^. and were treated in every respect like the [)lants 
in the previous experiments. The remaining seeds, 
some in a state of germination and some not so, were 
sown on tlie opposite sides of a large pot (No. X.) ; 
and the four tallest plants on each side of this pot 
were measured. The result is shown in the following 
table : — 

The average height of the thirty-one crossed plants is 
73 * 23 inches, and that of the thirty-one self-fertilised 
plants 77*41 inches; or as 100 to 106. Looking to 
^>ach pair, it may be seen that only thirteen of the 
crossed plants, whilst eighteen of the self-fertilised 
plants exceed their opponents. A record was kept with 
reflect to the •plant which flowered first in each pot; 
aAd only two of the crossed flowe»:jd before one of the 
self-fertilised in the same pot; whilst eight ^f tlfe self- 
flytilised flowered first. It thus ajH)cars that the 
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Tabi-e XII. 


• 

No. of Pot. 

CroBFcd Plants. 

» 

Self-fertilised Plants. 

• 


Inches. 

Inches. 

I. 

82 

77 j 


75 

87 


6,5 . 

64 


78 

87 1 

II. 

78 1 

84 


43 

86 a 


65 a 

90 J 

% 


• 

III. 

61 g 

^6 


8:> 

69 a 


89 

• 

87 a 

IV. 

• 83 

80 J 


73 J 

67 

88 a 


8* a 

V. 

78 

66 1 


76g 

77 a 


57 

8ia 

VI. 

70 a 

80 


70 

821 


796 

.->5 a 

VIT. 

76 1 

77 



83 a 

• 

79 

73 1 

vfli. 

73 

76 a 


67 

*82 


83 

80 a 

IX. 

73g 

78j 


78 

• 

67 J 

X. 

.‘54 

82 a 

Crowded plants. 

82 

36 g 

846 

69a 


71 

75 g 

« • 

Total inches. ] 
L— 

, 2270-25 

2399-75 


0 




O 
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crossed plants are slightly inferior in height and in 
earline§s of flowering to the self-fertilised. But tll(^ 
inferiority in height is so small, iianudy as 100 to 100, 
that I should have felt very doubtful on this head, 
had I not cut down all the plants (exeej)t those 
in the crowd(^d })ot No. X.) close to tlie ground and 
weighed them. The twenty -sev(‘n cn^ssed plants 
weighed 10^ ounces, and the twenty-seven self-fer- 
tilised plants 20J ounces; and this gives a ratio of 
100 to 124. , 

A self- fertilised plant of the same parentage as those 
in Table Xll. liad been raised in a separates j)ot for a 
distinct purpose ; and it pr(>ved partially stc^rile, the 
anthers containing very little pollen. S(3veral flowers 
on this plant wore crossed with the littlcs ])olI(m which 
could be obtaiiKjd from tlie othcjr flowers on tlie same 
plant ; and other flowers were self-fertiliscid. From the 
seeds thus jDroduced four crossed and four scdf-fertilised 
plants were raised, which were planted in tlui usual 
manner on the ojiposito sides of two p(ds. All tliese 
four crossed plants were inferior in heiglit to their 
opponents; they averaged 78*18 imdies, whilst the 
four self fertilised plants averaged 84*8 inches ; or as 
100 to 108.* This case, th(‘rcfore, confirms the last. 
Taking all the evidence together, we must comdude 
that these strictly self- fertilised plants grew a little 
taller, were heavier, and generally flowered before 
those derived from a cross between two flowers on the 
stime plant. These latter plants thus j)resent a won- 
derful contrast with those derived»from a cross between 
two distinct individuals. 


Fronf one of tliene self-ferti- 
lised plants, spontaneously sdf- 
feitilised, I gathered twenty-four 
caiftules, and they contained on 


an average only 3*2 scc^ds per 
capsule; so that this plant had 
apparently inliarited some of tlie 
sterility of its parent. ^ 
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Th& EjfectB on the Offspring of a Gross with a distinct 
or fresh Stock hanging to the same Variety. — From the 
two foregoing series of experiments we seg, firstly, the 
good effects during several successive generations of 
a cross between distinct plants, although these were ^ 
ill some degree inter-related and had been grown 
under nearly tlie same conditions ; and, secondly, the 
Absence of all such good effects from a cross between 
Howers on the same plant ; tlie comparison in both 
cases bei^ig made with the offspring of flowers fertilised 
witli their own pollen. The expcrimeirts now to be 
givciii show how ]X)werfnlly and beneficially plants, 
which have been intercrossed during many successive 
generations, liaving been kept all the time under 
nearly uniform conditions, are affected by a cross with 
another plant belonging to the same variety, but to a 
distinct family or stock, which had grown under dif- 
ferent conditions. 

Several flowers on the (U’ossod iflauts of the ninth generation 
in Table X., w'ore crossed w ith pollen from another crossed plant 
of the same lot. The soiullings thus raised formed tlie tenth 
intercrossed generation, and I will call them the intmrossed 
pJanUj' Several oth(*r flowers on the sanuj crossed plants of 
the ninth geiiei^tion w’ere fertilised (not having been castrated) 
with pollen taken from ])lants of the same variety, but belonging 
to a distinct family, wiiich had Ixjcn growm in a distant garden 
at Colchester, and therefore under soinewdiat different condition's. 
The ca])snles produced by this cross contained, to my surprise, 
fewer and lighter seeds than did the capsules of the intercrossed 
plants ; but this, I think, must have been accidental. The seed* 
lings raised from them I^dll call the Colchesttr’^rossed” The 
two lots of seeds, after germinating on sand, were planted in 
the usual manner on the opposite sides of firo4)ots, and the 
remaining seeds, wdicther or not in a state of germination, 
were tj^ickly sown on Ihe opposite sides of a very Ifift’ge pot. 
No. VI., im Table XIII. In three of the six pots, after the 
yoifng plants had twined a short way up their sticks, one of Hie 
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Colchester-crosscd plants was much taller than any one of 
the intercrossed plants on the opi)osite side of the same i)ot ; 
and in the three other ix)ts somewhat taller. I should state 
that' two of fhc Colchester-crosscd plants in Pot IV., when 
al)Out two-thirds p*own, became much diseased, and were, 
tof^othcr with their intercrossed op))onents, rejected. The 
remaining nineteen plants, when almost fully grown, were 
measured, wnth the following result: — 


Table XIII. 


No. oft Pot. 

Col chostiT-cro.stMHl 

f 

]!itercro8.s<‘d l^laiits of 

Plants. 

the Tfiitli (JeruTation. 

. 

Inches. 

Jnrlifts. 

1. 

8'i 

78 


87 J 

683 


8.-, 4 

9+3 

11. 

9a« 

60 


853 

873 


90 J 

453 

III. 

8+3 

703 


92 J 

81 J 


85 

863 

IV. 

95 1 

653 

V. 

m , 

851 


80 5 

63 


84 

92| 

VI. 

90| 

433 

398 

Crowded plants in a 

75 

very large pot. 

71 

308 


835 

86 


G8 

53 


65 

48 1 

Total inches. 

1596-50 

1249*75 


•In sixteen out of these nineteen pairp, tlie Colchester-crossed 
plant exceeded in height its intercrossed opponent. ^Tlie ^!verage 
l)pight of the Colchester-crosscd is 84*03 inches, and that of 
thfe intercrossed 65*78 inches; or as 100 to 78. With respect 
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to the fertility of the two lots, it was too troublesome to collect 
and count the capsules on all the plants ; so I selected two of 
the best pots, V. 8»nd VI., and in these the Colchester-crossed 
produced 269 mature and half-mature capsules, whilst an equal 
number of the intercrossed plants i)roduced only 154 capsules ; 
or as 100 to 57. By weight the capsules from the Colchester- 
crossed ])lants^ were to those from the intercrossed plants as 
lOO to 51 ; so that the former probably contained a somewhat 
l^rg(3r average number of seeds. 


We learn from this important oxppriment that 
plants in some degree related, which hsid been inter- 
crossed during tlie nine previous generations, when they 
w(3r(3 fertilised with pollen* from a fresh stock, yielded 
seedlings as superior to the seedlings of the tenth 
intercrossed generation, as th(^se latter were to the self- 
fertilised plants of the corresponding generation. For 
if we look to the plants of the ninth generation in 
Tabhj X. (and these oiler in most resi)ccts the fairest 
standard of comparison) we find that the intercrossed 
plants were in height to the self-fertilised as 100 to 79, 
and in fertility as 100 to 2G ; whilst the Colchoster- 
cross(‘d j)lants are in height to the intercrossed as 100 
to 78, and in fcrtility«jis 100 to 51. 


The Bescendunta of the self-fertilised Pluht, named Uero^ V)hich 
npp ared in the Sixth sdf -fertilised Generation, — In the five genem- 
tions before the sixth, the crossed plant of each pair was taller 
than its self-fertilised opponent; but in the sixth generation 
(Table VII., Pot II.) the Hero appeared, which after a long and 
dubious struggle conquered its crossed opponent, though b^ 
only half an inch. I wa» so much surprised at this fact, that 
I resolved to ascertain whether this plant would transmit 
its i>owers of growth to its seedlings. Several flowers, on 
Hero were therefore fertilised with their own pollen, and the 
seedlings thus raised were put into competition with ’self-fer- 
tilised and intercrossed plants of the corresponding gcneratioi;, 
Th# three lots of seedlings thus all belong to the seventh gene A,- 
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tion. Their relative heights are shown in the two following 
tables : — 

Table XIV. 


No. of Pot. 

St If-fcrtilised Plants 
of the St»venth Gene- 
ration, Children of 
Hero. 

Self-fcrtilined Plants 
of tlie Seventh Gene- 
ration. 


Inches. 

Inches. 

I. 

74 

89 1 


r»e 

61 


i>i)| 

49 

V. 

92 ; 

82 

< 


56 



58 

Total inches. : 

44/ -25 

! 

375*50 

! 


The average lieiglit of the six sclf-fcrtilisecl children of Hero 
is 74*54 inches, whilst that of the ortliiiary self-fertilised plants 
of the Qorresjionding generation is only 6*2 *58 indies, or as KK) 
to 84. 

Table XV. 


No. of Pot. 

Self-fi'rtili'«eci I*buits 
of the Seventh Gene- 
raiion, Childn n of 
Jlero* 

lnt^rcri>.sS<fl Plants of 
iIh* Si'Vciith G(mu*- 
ratii>n. 


Inches. « 

lncl»es. 

111. 

9*2 

76 S 

IV. 

87 

89 


87? j 

86 1 

Total inches. 

266-75 

252-50 


T 


^ Here the average height of the three self-fertilised children of 
Hero is 88*91 inches, whilst that of -the intercrossed plants is 
84*16; or as 100 to 95. We thus see that the self-fertilised 
children of Hvirc certainly inherit the powers of growth of their 
parents; for they greatly exceed in height the self-fertilised 
offspriifg of the other self-fertilised plants, and^evcij, exceed 
Jyy a trifle the intercrossed plants, — all of the Corresponding 
Itineration. 
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• • ' 

Several flowers on the self-fertilised children of Hero in Table 
XIV. were fertilised with ];)ollen from the same flower ; and from 
the seeds thus pfoduced, self-fertilised plants of the eighth 
generation (grand-children of Hero) were raised. Several other 
flowers on the same plants were crossed with pollen from the other 
children of Hero. The seedlings raised from this cross may be 
considered as the offspring of the union of brothers and sisters. 
The result of tfio competition between these two sets of seedlings 
(j|amely self-fertilised and the offspring of brothers and sisters) 
is given in the following table : — 


• 

Tabus XVI. 

• 



• 

1 Sulf-f< rtili8ed Grand- i 

Grandchildren from a 


children of Hero. 

cross hftween the self- 

Mo. of I*ot. 

fnidl theSalf-ferttlised 

h'rtllisfd Cliildivii ot 


Children. Eighth 

Hero. Eiglith Gene- 


(ieneratiou. 

ration. 


Inches. 

Inches. 

I, 




m 

9.5;^ 

II. 

90 

Si> 


775 

93 

III. 

73 

83 J 


oe 

82 g 


84 1 

70^ 


* 


IV. 

88J 

063 


. 84 

15j 


i ^'’3 

38 


i 

783 

V. 

90! 

823 


i 90 i 

833 

Total inches. 

1 1037 *00 

1 973 -16 


• 

1 


The. average height of th(f thirteen self-fertilised grandchildren 
of Hero is 79*76 inches, and that of the grandchildren from a 
cross between the self-fertilised children is 74 • 85 ;^r as 160 to 94. 
But in Pot IV. one of the pressed plants grew only to a hqjght ot* 
15i inch^ ; and if this plant and its opponent are struck out, as 
would be thenairesj plan, the average height of the cross(^(^ 
plant* exceeds only by a fraction of an inch that of the solf-ferti- 

£ 




50 


IPOMCEA rUllPURE4. 


Chap. II. 


liscd plimts. It is therefore clear that a cross between the self- 
fertilised children of Hero did not prodnee any beneficial effect 
wortli notice ; and it is very doubtful whethcjr \liis nejrative result 
can be attnbu*ted merely to the fact of brothers and sisters liaving 
been united, Ibr the ordinary intercrossed plants of the several 
successive generations must often have Ikkmi derived from the 
union of brothers and sisters (as shown in I.), and yet all 

of them were greatly superior to the stdf- fertilised plants. AVe 
are therefore driven to the suspicion, which we shall soon 
strengtliened, tliat Hero transmitted to its offspring a i>oculiar 
constitution ada])ted for self-fertilisation. 

It would api^iar that the self-fertilised desceiidavts of Hero 
Jiave not only tnherited from Hero a ])ower of growth eipial to 
that of tlie ordinary intercrossed plants, but liave become more 
fertile when self-fertilised thaii^is usual with tlu; jdaiits of the 
present species. The flowers on the self-fertilistMl grandeliildreii 
of Hero in Table XVL (the eighth generation of self-ferliliseil 
plants) were fertilised with their own i>ollen and in’oihieed plenty 
of capsules, ten of whi(di (though this is too few a number for a 
safe average) contained o*2 seeds ])er capsule,- -a higher average 
than was observed in any other case with the self-fertilised ])lauts. 
The anthers produced by these self-fertilised grandchildren were 
also as well dcvelo])od and contained as much ])ollen as those on 
the intercrossed j)lantsof the corresponding geiui’ation ; whereas 
tJiis was not the ease with the ordinary scjlf-ferlilised ])lants of 
the later generations. Nevertheless some few of the flowers 
produced by the grandchildren of He^) were si iglitly monstrous, 
like those of the ordinary self-fertilised i>lants of thelaltTgi^nera- 
tious. Jn order not to recur to the subject of fi!rtility,I may add 
that twenty-one self-fertilised capsules, spontaneously i)roduccd 
by the great-grandchildren of Hero (forming the ninth g(ineration 
of self-fertilisL*d jfiauts), contained on an average 4 ’IT seeds; and 
tliis is tts liigli aji average as the self-fertilised flowers of any 
geueratkm usually yielded. 

Several flowers on the self-fertilised grandchildren of ]Iero in 
Table XVI. were fertilised with pol1en®from the same flower ; and 
the seedlings raised from them (great-gran del li I dreii of Hero) 
fotTiuid the miifn self-fertilised generation. Sevc^ral otlier flowers 
were grossed with pollen from aiiotluir grandchild, so that they 
may bo consid(?rod as the oftMju'ingof brothers and^istewB, and the 
gecdlings thus raised may Ix) called the great-grand- 

children. And lastly, other flowers were fertilised with pollen 
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from a distinct stock, and the seedlings thus raised may bo 
called. the Colchester-cros&i^^l great-grandchildren. In my anxiety 
to see what the Result would be, I unfort unatep^ planted the 
three lots of seeds (after tlit^y had germinated on sand) in the 
hothouse in the middle of winter, and in (jonsequAicc of this the 
seedlings (twenty in number of each kind) became very unhealthy, • 
some gi’owing pnly a few inches in height, and very few to their 
p’ro])er heiglit. The result, therefore, cannot be fully trusted; 
j^id it would be useless to give the measurements in detail. In 
order to strike as fair au average as possible, I first excluded all 
the plants under 50 inelies in lieight, thus rejecting all, the most 
unhealthy ^limits. The six self-fertilised thus Ibft vrere on an 
average 00*80 inches high; the eight iiitorcrosRed plants 03*2 
high; and the seven Colchester-crossed 05*37 high; so that 
tliere was not much differem*e Between the three s(;ts, the self- 
rertilis(‘(] jilants having a slight advantage. Xor W’as tliero any 
grear dilference when only the ])lants under 30 inches in height 
were excluded. Nor again when all the ])hints, however much 
dwarfed and unhealtliy, were included. In this latter case the 
Coh'l lest er-erossed gave the lowest average of all; and if these 
plants had been in any marked manner sujierior to the other 
two lots, as from my former experience I fully exyiected they 
would have been, 1 cannot but think that some vestige of such 
suiHu iority would have lieiiu evident, notwithstanding the very 
unhealthy condition of most of the plants. No advantage, as far 
as we ciMi judge, was deri^iid from intercrossing two of the 
gramlchildruii of Hero, any more than when two of the children 
were (*rossed. 1 1 ajijx^ars therefore that Hero and its descendants 
have vai'ied fronPtlie common tyf>e, not only in acquiring great 
liowor of growth, and increased fertility when subjected to self- 
fertilisation, but in not profiting from a cross with a distinct 
stock ; and this latter fact, if trustworthy, is a unique case, as 
far as J have observed in all my exjieriments, 

Summimj on the Groi^'th, Vif/our, and Fertilittj of the 
succesuve Generations of the crossed and selffertvlised 
Plants of Iponma purpurea, together with iome rniseel- 
laneous Ohservatiom. 

Ill tl?e foKowiiig table, No. XVII., we see the average, 
or mean heights oi‘ the ten successive generations (fr 
tlie intercrossed and self-fertilised plants, grown in 

E 2 
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Competition with each other; and in the right-hand 
column we have the ratios of the one to the other, the 
height of the intercrossed plants being taken at 100. 
In the bottQm line the mean height of tlie seventy- 
three intercrossed plants is shown to be 85 • 84 inches, 
and that of the seventy-tliree self-fertilised plants 
()(5*02 inches, or as 100 to 77. 


Table XVII. 

Jj}oma‘a jfurjmrea, Sionmary of ^leaanyemmts (in Inches) of 
the Ten (ienerations. 


a 

1 

Number of the Goiienitloii. 

1 

1 1 
Number. Avernge 
of 1 Height 
C'rcisHtKl of ir'rusbL>d 
i'lants. I Plants. 

1 

1 1 

Nuinberi 
of JSelf- 
• ftrti- 
lised 
IMants. ‘ 

1 Avenige ' liatin between 
lli'iglit oi ' Avt ragi* 

Si.‘ll-tertl-' 1I(‘ighU o1 
Used CrosM'd and 

1 ‘lantr^ . Si ■ If- 1 1 -n i 1 ised 

1 I’luiits. 

Fii\st generation . , 

Table I. 

1 0 j Sti-ou 1 « j 

! 1 i 

i 65*66 as lUO to 76 

! 

Second generation . . i 

Table 11. 

0 1 84*10 

i 1 

1 : 

■ 


Third generation. . , i 0 ; 77*41 

. Table 111. 1 1 

6 

52*83 as 100 to 68 

Fourth generation . 

Table V. 

7 1 60*78 

1 

1 

^ 1 

* 1 

i 

60*14 as loo to 80 

i 

Fifth generation . 

Table VI. 

« 1 

82*54 } 0 02-33 as 100 to 75 

1 1 ! 

j 1 

Sixth generation . 

' Table VII. 

• i 

6 

1 87 '50 1 6 ; 63*16 as lOO to 72 

Seventh generation . 
fable VIII. 

‘J 

i 

i 83*94 ! 9 i 68*25 as 100 to 81 

L ' 1 ' 

Eighth generation , 

Table IX. 

8 


Ninth generation 

Tabl« X* 

c 

14 

81*39 i 14 64*07 as lOO to 79 

1 ' 1 

Tenth generation 

Table XI. 

5 

93*70 

6 ; 50’40 jas 100 to 54 

€ All the ten generations! 
taken together . ./ 

73 

85*84 

D 

1 66*02 .as lyO 77 

1 1 

• — 
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SUMMARY. OF OBSERVATIONS. .5.3 

The mean height of the self-fertilised plants in 
each of the ten generations is also sho\ra in the 
accompanying diagram, that of the intercft*ossed jdants 
being taken at 100; and on the right -side we see 
the relative heights of the seventy-three intercrossed* 
plants, and of the seventy-three self-fertilised plants. 
The diff(‘rence in height between the crossed and 



Diagram showing the mean heights of the crosseil and self-fertilised 
plants of T]K»mra purpurea in the ten generations; the mean height of ttie 
crossed plants being taken as 100. On the right hand, the mean heights of 
the crossed and self-fertilised plants ,of all the generations taken together 
are shown. 

self-fertilised plants MU perhaps be best appreciated 
by an illustration : If all the men in ^ qountry were 
on an average G feet high, and there were some families 
which^ had been long and closely interbred*, these 
would be fe.lmo§t dwarfs, their average height during 
tell generations being only 4 feet inches. 
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It should be especially observed that the average dif- 
lerenee between the crossed and S(df-fertilis(‘d plants 
is not due to a lew of the foniKT having grown to an 
extraordinary height, or to a lew of tlu* self-fertilised 
being extremely short, but to all tluj eross(‘d jdaiits 
having surpassed their self-fertilised oj^ivomaits, witli 
the few followiijg ex(U‘ptions. The first oceurr(‘d in 
the sixth giaieratioii, in whicli th(^ plant named “ lliTo 
appeared ; two in tli(‘ tdghlh generation, but the self- 
fertilised jdants in this gemmation wt‘re in an anomalous 
condition, as th(^y grew at lirst at an unusual rate and 
compiered for a time th(‘ oj)pos(‘d crossed ]»lants ; and 
two exeejdioiis in the ninth giuieratioii, though one 
* of these plants only eipialliMl its crossc‘d op|)onent. 
Therelbre, of the s(.‘V(*nty-three cross(‘d plants, sixty- 
eight grew to a greater height than the self-fertilised 
plants, to which they wi‘r(> opposed. 

In the right-hand c(.)luniii of figures, the diirenuice 
in h(‘ight between the crossed and self-fertilised plants 
ill the* successive generations is seen to fluctuate much, 
as might indeed have been exp(‘ctod from t\u) small 
number of plants measured in eaidi generation being 
insufficient to give a fair aveaigi*. It should In^ 
rememkred that the absolute height of tin; plants 
goes for nothing, as each pair was measured as 
soon as one of them had twined uj) to the summit 
of its rod. The great differenct^ in the tenth genc‘ra- 
tion, viz., 100 to 54, no doubt Was partly accidental, 
fiiough, when these plants were weighed, the differ- 
ence was ev(ui greater, viz., 100 *to 44. The smallest 
amount of difference occurred in the fourth and the 
eighth generations, and this was aj)parent]y duo to 
both the crossed and self-fertilised plants Laving 
llgcome unhealthy, which prevented the foriier attain- 
ing their usual degree of superiority. This w^as«an 
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uiifortuiiato ciroTimstiiiico, but my oxperimonts were 
not thus vitiated, tis both lots of plants wore exposed 
to the same conditions, wh(‘thor favourjijde or un- 
favourable. 

There is niason to believe that the flowers of this 
Iponuea,, wluai growing out of doors, are liabitually 
crbss(id by insects, so that the first seedlings Avliicli 1 
n»sed iVoiii ])ur(*hased seeds were probably the oftspring 
of a cross. 1 iuf(?r that this is the (*ase, firstly from 
humble-be(‘s oftcui visiting the flowers, a^id from the 
(piaiitity of p(»lleu hdt by th(uu on the stigmas of such 
flowers ; and, secondly, from tlu^ jdants raised from the 
same lot of seed varying grSatly in the colour of their 
flowers, for as we sliall hereafter see, this indicates 
much intercrossing.* It is, therefore, remarkable 
that the phnits raascid by me from llowiTS which W(u*e, 
in all probability, s(dl‘dertilised for the first time after 
many g( ‘in ‘rat ions of crossing, should have been so 
markedly iiderior in height to the intorcross(‘d jdants 
as they wer(‘, nanndy, as 70 to 100. As the j)lauts 
which w<n'e self-fertiliseil in (‘ach. succeeding generation 
necessarily became much more closcdy interbriid in 
the later than in tin? e«rli(.‘r genu^rations, it might have 
been expcrti^d^that the diftereuce in height between 
them and the cross(*d plants would have gone on in- 
creasing ; but, so far is this from being the case, tliat 
tin* diifercmce between the two sets of plants in the 
s('V(mth, eighth, and ninth generations taken together 
is less than in the lirst and second generations together. 
When, however, we rwiember that the self-fertilised 
and crossed plants are all descended from the same 

* Verloi siiys (‘ Sur lii Prodne*.- color ^ cannot bo kept puro unless 

tion dea ^'ariiycs,* isa5, p. (JO) grown at a distanco from all other 
that certain viwietie^ ^)f a eloseiy varieties, 
alliodi plant, tlie Convolvulus trU 
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mother-plant, that many of the crossed plants in each 
generation were related, often closely related, and that 
all were c^jposed to the same conditions, which, as we 
shall hereafter find, is a very important circumstance, it 
is not at all sm-prising that the difference hetween 
them should have somewhat decreased, in the later 
generations. It is, on the contrary, an astonishing fact, 
that the crossed plants should have been victorious, 
even to a slight d^^gree, over the self-fertilised plants 
of the later fgeneratioiis. 

l"he iniidi greater constitutional vigour of the 
crossed than of the self-fertilised plants, w.ts proved on 
five occasions in various ways; namely, by exposinir 
them, while young, to a low temperature or ti 
sudden (*hange of temperature, or by growing them, 
under very unfavourable conditions, in competition 
with full-grown plants of other kinds. 

With respect to the productiveness of the crossf^d 
and self-fertilised plants of the successive goneratiuuss, 
my observations unfortunately were not made on aro’' 
uniform plan, partly from the want of time, ajid 
from not having at first intended to observe mo»* than 
a single generation, A summary of the results i.^ aero 
given ill a tabulated form, the fertility ,pf the crossed 
plants being taken as 100. 

First Generation of' crossed and self-fertilised tlanis 
growing in competition with one another, — Sixty-five 
capsules produced from flowers* on five crossed plants 
fertilised by pollen from a distinct plant, and fifty-five 
capsules produced from flowers on five self-fertilised 
plants fertilised by their own pollen, contained seeds 

inthe proportkii of 100 to 93 

• Tifty-six spontaneously self-fertilised capsules on 
the abdve five crossed plants, and twenty-five sponta- , 
neotisly self-fertilised capsules on the above^five sdlf- 
Ihrtilised plants, yielded seeds in the proportion of . 100 4o 99 
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Combining the totSl number of capsules produced 
by tlicso plants, and the average number of seeds in 
each, the above ctosscd and self-fertilised plants 
yielded seeds in the proj^rtion of . . , * . 100 to 64 

Other plants of this first generation grown under 
unfavourable conditions and spontaneously self-ferti- 
lised, yielded seeds in the propoiiion of . * , 100 to 45 

'Third Qeneration of crossad and selffertilised Plants, 

-grossed capsules compared with self-fertilised cap- 
sules contained seeds in the ratio of . . . 100 to 94 

An eriual number of crossed and self-fertilised 
plants, botl^ spontaneously self-fertilised, produced 
capsules in the ratio of . . . . . • . 100 to 38 

And these capsules contained seeds in the ratio of . 100 to 94 
Combining those data, the j^roductiveness of the 
crossud to the self-fiirtiliscd plants, both spontane- 
ously scif-fertilised, was as 100 to 35 

Fourth Geruirntiou (f crossed and self-fertilised Plants, 

Ca]isul(.‘s from flowers on the crossed plants ferti- 
lised by pollen from another plant, and capsules from 
flowers on the self-fertilised plants fertilised with their 
'own pollen, contained seeds in the proportion of . 100 to 94 

Fifth (ienf'ration of crosst.^ and self -fertilised Plants, 

— rht> crossed plants produced spontaneously a vast 
nunilxu- more pods (not actually counted) than the 
.S' f jL’tilisod, and these containea seeds in tho pro- 
portion of ...... . . 100 to 89 

Ninth Generation of crossed and self -fertilised Plants, 

— jb'ourteen crossed plants, spontaneously self-ferti- 
lised, and fourteen self-fertilised plants spontaneously 
.self-fertilised, yielded capsules (tho average number 
of seeds per capsule not having been ascertained) in 
the proportion of . . • , • , • 100 to 26 

Plants derived from a cross with a fresh Stock com- 
pared with intercrossed Plants , — The offspring of inter- 
crossed plSifits of the ninth generation, crossed by a 
fresh stock, compared with plants of the same stock 
intercrossed d aring ten generations, both sets of {Plants 
loft uncovered and naturally fertilised, produced 
capsuleE^by weight as . . . . . • itX) to 51 

We see in tins table that the crossed plants afe 
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always in some degree more prodiiAive tlmn the self- 
fertilised plants, by whatever standard they are eom- 
pared. The degree differs greatly; f)iit this dt'pends 
chiefly on wdiether nn average was tahen of tin? seeds 
alone, or of the capsules alone, or of both combined. 
The relative siijan-iority of the crossiMl plants is chiefly 
due to their producing a much greater nuinb(‘r of cap- 
sules, and not to each caj)sul(‘ containing a larger 
average number of s(?eds. For instance, in tin' third 
generation Ijie crossed and self-f(‘rti list'd plants pro- 
duced capsuAes in the ratio of 100 to OS, whilst the 
seeds in the capsuh'S on the cr(»ss(*(l plants wt're to 
those on the self-fiirtilised ]>lants only as 100 to 01. 
In the eiglith generation the capsules on two stdf- 
fertilised plants (not included in tin' al>(»v(' tabh'), 
grown in stijiarate ])ots and thus not suhjt'ctt'd to any 
competition, yiehh'd the large average of 5*1 st't'ds. 
The smaller number of capsules ]»roduc(‘(l l^y tin' st'lf- 
fertilised may bt^ in ]>art, but not altog(‘lht‘r. 

attributed to tlieir lessened size or height ; this h(‘ing 
chiefly duo to their lessened constitutional vigour, so 
that they were not abh3 to compete w ith the crossed 
plants growing in the same pots^> Tln^ sc'cds ])r(Mluc('d 
by the eross('d flowers on the cross('d pjants were not 
always heavi(?r than the sc'lf-fertilised seeds on the 
self-f(irtilised })lants. The lighter scauls, whether pro- 
duced from crossed or self-tei’tilised flowi'rs, generally 
germinated before the heavier s(3eds. J may ad<l that 
•the crossed plants, with very few’ exceptions, flowered 
^before their s(‘lf-fertilised opponents, as might have 
been oxj)ected from their greater height and vigour. 

,The impaired fertility of the self-fertilised plants was 
shown jn another way, namely, by their anthers being 
smi^ller than those in the flowers on the cro^ssec? plants. 
Uliis was first observed in the seventB generation, Jjut 
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may have* oe*ciirrotl earlier. Several anthers from flowers 

on the crossed and^ self-fertilised plants of the eighth 

generation were compared under the microsciope ; and 

those from the former were generally longer and plainly 

hroadm' than the anthers of the self-fertilised plants. 

The cpiantity (^f ])ol](ai contained in one of the latter 

was, as iar as could he judged by the eye, about half 

of tliat contained in one from a crossed plant. The 

impaired fertility of the S(*lf-fortiliscd plants of the 

eighth g(m(}ration was also shown in anotlw^r mann(n% 

whi(!h may often be observed in hybrids — namely, by tlu* 

first-form(‘d flowers being sterile. For instance, the 

tift<‘en first fl<»W(*rs on a self-fertilised plant of one of the 

later generations were tuirefully fertilised with their 

own ])ollen, and eight of them dropped off ; at the same 

time iifteen flowers on a crossed plant growing in the 

same pot were self-fertilised, and only one dropped "off*. 

On two oth(*r eross(Kl plants of tln^ same generation, 

several of the earliest flowers were observed to fertiliser 

themselves and to produce capsules. In the plaiitj* of 

the ninth, and 1 Ix'lieve of some jm'vions generations, 

very many of the flowers, as already stated, were 

slightly monstrous ; aufl this probably was connected 

with their lessened fertility. 

All the self-iV*rtilised plants of the seventh genera- 
tion, and I beli(‘V(i of one or two previous generations, 
produc(Ml flowers of exactly the same tint, namely, of a 
rich dark purple. So did all the plants, without any 
cxc(‘ption, in the .three succetrdiiig generations of self- 
fertilised plants ; and vety many were raised on account 
of other (‘xperimeiits in progress not here recorded. 
My attention was first called to this facl by my 
gardener remarking that there was no occasion to label 
the self-f?rtilised plants, as they could ahvays be known 
by tlpir colour. 'Jt lie flowers were as uniform in tint 
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as those of a wild species growing in a state of nature ; 
w'liether the same tint occurred, as is probable, in the 
earlier generations, neither my gardener nor self could 
recollect. Tlie flowers on the plants which were first 
raised from purchased seed, as well as during tin' first 
few generations, varied mucli in the depth of the 
pnrjde tint ; many were more or less j)ink, and occa- 
sionally a white variety appeared. Tiie crossed pliiiits 
continued to tlie tenth generation to vary in the same 
manner as before, but to a much less de*gre(% owing, 
probably, to their having become more or less closely 
inter-related. We must tlu^ndore attribute the extra- 
ordinary uniformity of colour in the flowers on the 
plants of the seventli and succeeding self-fertilised 
generations, to inheritance not having been interfered 
with by crosses during several preceding generations, 
in combination with the conditions of life having been 
very uniform. 

A plant appeared in the sixth self-fertilised genera- 
tion, named the Hero, which exceeded by a little in 
height its crossed antagonist, and which transmitted 
its powers of growth and increased self- fertility to rts 
children and grandchildren." A cross betjvt^en the 
children of Hero did not give to the grandchildren 
any advantage over the self-fertilised grandchildren 
raised from the self-fertilised children. And as far as 
my observations can be trusted, which were made on 
very unhealthy plants, the great-grandchildren raised 
from intercrossing the grandchildren had no advantage 
over the seedlings from the grandchildren the product 
of continued self-fertilisation ; and what is far more 
remarkab*le, the great-grandchildren raised by crossing 
the grandchildren with a fresh stock, had no advantage 
over either the intercrossed or self-fertilised great- 
grandchildren. It thus appears tliat Hero and its 
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(lescentlaiits diftered in constitution in an extraordinary 
manner from ordinary plants of the presimt sjjecies. 

Although the plants raised during ten successive 
generations from crosses between distinct yet inter- 
related plants almost invariably exceeded in height, 
constitutional vigour, and fertility their self-fertilised 
opjJonents, it has been proved that seedlings raised 
bywnterc.rossing flowers on the same plant are by no 
means superior, on the contrary are somewhat inferior 
in height and weight, to seedlings raised fyom flowers 
fertilisiMl with their own pollen. This is a remarkable 
fact, which seems to indicate that self-fertilisation is 
in some manner more advSntageous tlian crossing, 
unless the cross brings with it, as is generally the case, 
some decided and preponderant advantage ; but to this 
subj(H?t I shall recur in a future chapter. 

The b(‘nt^lits which so generally follow from a 
cross between two plants apparently depend on the 
two diftering somewhat in constitution or character. 
This is shown by the seedlings from the intercrossed 
plants of the ninth generation, when crosscnl with 
pollen from a fr(\sh stock, being as superior in 
height and almost as su^>erior in fertility to the again 
intercrossed i)l^nts, as these latter were to seedlings 
from s(df-fertilised plants of the corresponding gen- 
eration. We thus learn the im])ortant fact that the 
mere act of crossing tw^o distinct plants, which are 
in some degree inter-related and which have been 
long subjected to nearly the same conditions, does 
little good as compared •with that from a cross between 
plants belonging to different stocks or families, and 
which have been subjected to somewhat different coi^ 
ditions. We may attribute the good derived .from 
the cro&ing of the intercrossed plants during the 
ten aiccessive generations to their still diflering some-^ 
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what in constitution or charactor, as was indec'd proved 
by their flowers still diflerinf; soniewhat in colour. 
But the .several conclusions which may be deduced 
from the experimtmts on Ipomoua will Im; num* fully 
considered in the final chapters, after all my ether 
observations have been j^ivt'ii. 
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OIIAPTEll in. 

SlJUOPlllLAIIlAt'E.li, (iESXEKIACEJS, LaDIATJE, ETC. 

Miniulus luiriis; vijjjniir, and forlility of tlie croHst'd and wdf- 

ftnlilisr l jjnnts of tlio Hist four goiieratioiis — A^njciirsinci* of u 
now, t:dl, !in«l hiirhly soif^fertilij varioly— Oftspriiig fr(»m a cross 
]« t\voon solf-foriilis.'d jdauts—Kll'ccts of a cross with a fresh stock 
— I'hircts of ilowcr.s oi^ the same — Suinnairy on 

Miniulus liitoiis — Dii^itulis purimrca, superiority of the crossed 
plsmls -Klle<*ts of crusdo^ flowers on the same plant Calceolaria 
— Linaria vulgaris -A'erhascuni tliapsiis — Vandellia iiiimniulari- 
folia — Cdeishtgene flowers -(h‘sneria }>enduHna — Salvia coccinea — 
(.)rigaiinm \ idi^aro, great increase of the crossed jdunts by stolons 
— 'riiunhergia alata. 

In tho family of the Scropliiilariacca) I exp*rimcntetl 
on s|)(‘ci(‘s in tlici six following: f^encra: JJrimnliis, 
Digitalis, ("Calceolaria, Linaria, Verbascum, and Vaii- 
dellia. 


IT. SCT10rHriAlUACK.E.-MiMiTLi:B luteus. 

TIkj ])liiiits wlii^li J raised from ]mrchascd seed varied greatly 
ill tlie colour of tlicir flowers, so that hardly two iiidividnals 
were (jiiite alike; the eorolla iKa'iig of all shades of yellow, 
with the most iHversilied lilotehes of ]mr]>le, crimson, orange, 
and (*.o])i>ery brown. Ibit these jdants differed in no other 
resiuM*!.* The flowers an^ evidtaitly well adapted for fertilisa- 
tion by tbe ageiiey of insects; and in the (^ase of a closely allied 
S])eci(^s, df. ronea, I have watched l>ccs entering the flowers, thus 
getting tlu‘ir backs well dusted with pollen; and when they 

(altered another flower the polhm was licked off thejr backs l>y 

• 

* I sent Bev<'ml spocimens with The flowers with much re(^ have 
variously colourc^l flowers t(» Kew, been nnmed by horticulturists as 
and Dr. Hooker iiiforuJh im? that var. Youngfana. 
tlujy til cousiatfd of M, lutviis. 
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the two-lipped stigma, the lips of which arc irritable and close 
like a forceps on tlie pollen-grains. If no pollen is enclosed 
l>etween the lii>s, these oi)en again after a time. Mr. Kitchener 
has ingcnioTisly explained * the use of these movements, namely, 
to i>revent the self-fertilisation of the flower. If a bee with 
no pollen on its back enters a flower it touches the stigma, 
which quickly closes, and when the l)c*c retires dustcjcl with 
pollen, it can leave none on the stigma of the same flower. 
But as soon as it eutors any other flower, plenty of ])ollen is 
left on the stigma, which will l>e thus cross-fertilised. Never- 
theless, if insects are excluded, the flowers fertilise themselv(!s 
perfectly and. produce plenty of seed; but I did not ascertain 
whether thisjs elfectcd by the stamens ineniasing in length 
with advancing age, or by the Uniding down of the ]>istil. The 
chief interest in my experiments on tlie ]>resent sj)ecics, lies in 
the ajqxiarancc in the fourth self-fertilised generation of a 
variety which bore large iKH;uliarly<x)loured flowers, and gr(;\C 
to a greater height than the other varieties ; it likewise be(‘amc 
more highly self-fertile, so that this variety resembles the 
2 )lant named Hero, w’hich a}q>carcd in the sixth self-fertilised 
generation of I])omcea. 

Some flowers on one of the plants raised from the jmrehased 
seeds were fertilised with their own iK>llen ; and otliers on the 
same plant were crossed with ]jollcn from a distinct plant. The 
seeds from twelve ca] ►sales thus ]>r(Mluced were ]>laced in 
separate watch-glasses for comparison; and those from the six 
crossed cai)sules apj)cared to the c,\ve hardly more numerous 
than those from the six self-fertilised cai)sul(.‘s. But when the 
seeds were weighed, those from the crossed (v*] ►sides ainounhid 
to 1‘02 grain, whilst those from tlie self-fertilised cajjsules 
were only -81 gmin ; so that the fonner were cither heavier or 
more numerous than the latter, in the ratio of 100 to 79. 

Cronml and aelf-fartH istd Flauts vf tht Fimt (rtncratioit . — Having 
ascertained, by leaving crossed and self-fertilised seed on damp 
sand, that they germinated simultaneously, both kinds were 
thickly sown on ox^posite sides of a« broad and rather shallow 
pan ; so that the two sets of seedlings, which came up at the 
same time, werj subj(;cted to the same unfavourable conditions, 
.ihiis was a bad method of treatment, but this species was one of 
the fiifet on which I exi)erimented. When the crossec^. seedlings 

" ‘A Year’s Botany,’ 1874, p*118. 
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were on an average lialf an inch high, the self-fertilised ones 
were only a quarter of an inch high. WJien grown to their full 
height under the ah»ve unfavourable (?onditions, the foui* tallest 
crossed plants averaged 7*62, and the four talkist Self-fertilised 
5 ' 87 inches in lieigh t ; or as lOO to 77. Ten flowers on the crossei 1 
plants were fully exj)audcd before one on the seif-fertilised 
plants. A hiw of tlnis(! ])laiits of both lots were transplanted 
into a large pot with ])hMity of good eartli,and the self-fertilised 
])la«ts, not now being subjected to sovtu-e com]M*tition, grew 
during the following year as hill as tlie crosst‘d ])lanis; but 
from a case which follows it is doubtful whether they would 
have long continued e(pial. Some flowers on the A*usscd i)lants 
were crossed with jjolleii from another ])lant, aiu^ the capsules 
thus produced contained a rather greater weight of seed than 
those on tlui .scU-fertilised jilants again self-fertilised. 

Crastird (tuilsrlf-ft ra/iscl Planfsit/' ihw Htcoiul ration . — Seeds 

from tlie foregoing jdants, fla-tilised in the manner just stated, 
wore sown on the o]>posito sides of a small pot (l.)and came up 
m’owd(‘d. The four tallest crossed seedlings, at the time of 
flowerijig. averaged 8 inches in height, whilst the four tallest 
self-fertihsed ]»lants averaged only 1 inches. Crossed seeds 
were sown by themstjlvus in a secoiid small ]>ot, and S(‘lf- 
fortiliseil seeds w(‘re .sown by th(*m.selves in a third small ])ot; 
so that tin re was no competition whatever between these ‘two 
lots. Nevertiieless the erosMul plants grew from 1 to 2 
indues higher on an average than the self-1 ertili Red. Both lots 
looked e(|iially vigorous, but lh(? cro.s.sed plants flowered earlier 
and molt* profusely than tlic self-fertilised. In Pot I., in whieli 
the two lots com pet*Ml witli each other, tlie crossed jflai its flowered 
lirst and in-odiieed a large numher of capsules, whilst the 
self-fertilised iwoiluccd only nineteen. The eoittents of twelve 
ea])snle.s from the crossed flowers on the crosscul plants, and 
of twelve ca])siiles from self-tertiiised flowers on tlic self-fertilised 
plants, were jihunid in sejiarate watch-gl assies for coiujiarison ; 
and the crossed seeds seemed more numerous by luilf than the 
solf-fortilised. • 

The plants on both sides of Pot L, after they had seeded, 
were cut down and transiilantcd into a large i3ot tvith plenty o4 
good earth, and on the following spring, when they had jjrown 
to a licight^of between 5 and G inches, the two lots were eiiual, 
as oecniTcd in* a siiqilar exjierimcnt in tlie last generation. 
But a4*ter some weeks the crossed jdants exceeded tlie self- 

F 
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fertilised ones on tlic opposite side of the sjuik' jiot, thoiiKh not 
nearly to so great a degree as licfore, when th('y W(‘re 8nhj(‘(^ied 
to very severe eonipcitition. *■ 

CroaSfW. mal self-Zertilised Plants of the Third Generation . — 
Crossed seeds from the crossed ])laiits, and sc’lf- fertilised se<Mls 
from tlic self-fertilised i)lants of the last generation, wei(‘ sown 
thickly on opposite sides of a small j>ot, Ko. I. Tin* t^o talh-st 
])lants on each sale w<'rc measured afttT they ha«l tlowered, ami 
tlie two crossed oik's were 1*2 and 7i inclu*s, and the two .elf- 
fertilised ones 8 and oi inches in ludglit ; that is, in llu* ratio of 
100 to 01). Twenty flowers oji the crossed ]»lants were again 
crossed and j^rodnc(‘d twenty capsules ; ti ii of wliieli contained 
1*8I:> grain wf-i gilt of seeils. Thirty flowers on the seif-h'rtilised 
])lants w'cre again self-fertilised and ]n*odnec‘d twi-nty-siN 
capsules; ten of the hest of ^Wiich (many hiing vt'vy iuH>r) eon- 
tained only *^7 grain weight of seeds; that is, in the ratio (»f 
100 to 05 hy w(‘ight 

The siijieriority of the (Tossed over the self-fertilised ]>Iants 
was ])rov(‘d in various ways. Self-fertilise<l si'eds were sow n (»n 
one side of a ])ot, and two days afterwards i rossc'd seeds on the 
Opposite side. The two lots of seedlings were e<(nal until they 
\ver(? above half an inch high; Imt when fully grown tin* tAVo 
talhist crossed jilants attained a lu‘ight of I'Ji and 8:1 iiadies, 
Avhilst the tw’o talh'st self-fertilised plants were only 8 ajid oi 
inches high. 

In a tJiird j>ot, crossed seeds were sown four days after the 
self-tVrrtilised, and the seedlings from the latter had at lirst, as 
might have h(?en ox])ected, an advantage; hut Avlu'n the two 
lots wert! hetAvetn 5 and G inches in height, they avitc* e(|ual, 
and ultimately tlic; three tallest crossed plants were 11, 10, and 
8 ineJies, whilst the thr(;e tallest self-fertilised were 12, 8i, and 
7i inelies in hciglit. So that there was not jiiiich difference 
Ixjtwcen them, the erossed ]ilauts having an average; advantage 
of only the thinl of an inch. The plants Avere cut down, tind 
without h(‘ing distiirhed avcto trails] il anted into a larger pot. 
Thus ttie two lots started fair on the folloAving sjiring, and now 
thii crossed i)lants sliowed their inherent sn])(!riority, for the tAvo 
(.tall(!st Avei^. Hi inclics, Avhilst the two tallest self-fertilised jilaiits 
Avere^only 11 and 8i inches in height; or as 100 to 75. Th<‘ 
tw'o lots Avoc alloAAxd to fertilise themselves spoil tant»ously : the 
crossed plants prodnc(;d a large number of capkulcs, whilst the 
self-fertilised ])roduced very few and poor ones. The seeds 
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from of the ea])sules on tlio crossed plants weighed *65 
grain, whilst those from eight of the capsules on the self-fer- 
tilised ])lauts woigBed only *2*2 grain ; or as 100 t(^ 34. 

Tlic (0 'os.s(m 1 plants in tlie above tlmjo ])ots, as in almost all 
the ])revious (ixi^erinients, flow'cred before the self-fertilised. 
This Occurred eviiii in the third pot in which tlie crossed seeds 
were sown foin days after the self-fertilised seeds. 

’ Lastly, sticds of both lots were sown on o]>])osite sid(^s of a 
Ijj’ge j)otin which a Fuchsia hfid long been growing, so that the 
(‘a]*th was full of roots, lioth lots grew niis(U’ably ; but the 
crossed secuilings had an advantage at all limes, and ultimately 
attained to height of 3i inches, wdiilst the self-fertilisctl s(M*d- 
liiigs m^vor cxctHulod 1 inch. The several fon'go/^.ig ex])erin)ents 
prov(^ in a decisive manner the sui)eriority in constitutional 
vigour of the crossed over the s^lf-fertiliscil jOants. 

In this three generations now d(*scrilH‘d and talnm togetluT, the 
average height of the ten tallest crossed j)lants was S'lll inclu's, 
and that of the ton tallest sidf-fertilised plants 0*29 inches (the 
l)lants having U'en grown in sjnall jKds), or as 100 to l>5. 

In the next or fourth self-fertilised gem rat ion, several plants 
of a nc'W and tall variety a])pcared, which increased in the 
later self-fei*tilis(‘d gen(*rations, owing to its great selfdertility, 
to the complete exclusion of the original hinds. The same 
variety also appeared amongst the crossed ]>lants, but as il was 
not at first regaitled with any ])articular attention, T kniAv 
not bow far it was used for raising the intercrosst*d plants ; tind 
in th(i later crossed generiitions it was rarely ]>rost'nt. Owing to 
the apxiearance of this tall variedy, lheeom])arison of the crossed 
and self-fertilis<Hl ]»laiits of the liftli and succeeding generations 
was rendered unfair, iis all tlie solf-fertilisiid and only a few or 
none of the crossed ])lants eonsish'd of it. Nevertheh'ss, the 
results of the later ox peri men ts arc in some respects well worth 
giving. 

Crossi^ii and svlf-fcrtiliscd Plants of thv, li'onrtli (h'mration . — Soedn 
of the two kinds, iiroduceil in the usual way from tlie tAvo sets of 
plants of tlie third geiierafion, were soaaui on ojiposite sides of 
two pots (1. and Tl.); but tlie seedlings Avere not tbinnoil 
enough aiul did not groAv well. Many of tTie self-fertilised 
plants, especially in one of tlie pots, consisted of tbo mcAV am/ 
tall varh^y above rehuTed to, Avbieli bore large and al most AA'liik* 
flowers iiiarktMl A\dih (U'imson blotches. I aauII calf it tli^^ 
Whi^t variety. I believe that it first apjAeared amongst both tlu^ 
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croRsoil and solf-fcvtilised ])lants of thv, last goiujvatioii ; Imt, 
neither my gardener nor myself could r(^m^^llll>C!r any such variety 
ill the seedlings raised from tll(^ juircliased seed. It must then;- 
fore have arisen either througli ordinary variation, or, juilging 
from its appearance amongst both tlu? crossed and self-fertilised 
plants, more jirohably through reversion to a formerly existing 
variety. 

In l\)t T. the tallest crossed ])lant was inches, and fluj 
tallest s(‘lf-ferti Used 5 inches in lieight. In Tot Il.tlie talf’-st 
crossed plant was Gi inches, and the tallest self-fertilised })lant, 
which consisted of the white variety, 7 inclics in Inaght ; and 
this was the llVst instance in niy expi'rinu'nts on jMimnlnsin 
which th(^ tallest self-fertilised ]»lant exei‘eded the tallest crossed. 
Xev(a*theless, tlie two talhjst croswd ))lauts taki'ii together were 
to the two tallest self- fertilised plants in height as 101) to 80. 
As yet the crossed ])iaMts were sn]>erior to tla* si'lf-h'rtili.^ed in 
fertility; for twelve flowers on the crossed plants wer** eross(‘d 
and yielded ton capsules, the seeds of which weigheil 1*71 grain. 
Twi'iity flowers on tlie self-fertilised plants were self-ferlilised, 
and ]»rodu(fed tifteen ea]>sules, all ap])earjng poor; and tJa si'eds 
from teji of tJiem weighed only *GS gniin, so that from an 
e<iual liumher of cajisules the crossed st;eds were to the sell- 
fei’tilised in weiglit as 100 to 40. 

CMsed and self-ftrlilm d Plants of (he Fifth (icnerufion, — St‘t‘ds 
from botli lots of the fourth generation, fertilised in tlie usual 
manner, were sown on (^j)].M)site sidt‘s of Ihrei' ])ots. AVheii tin 
seedlings flowered, most of tin? self-fertilised plants were found 
to consist of the tall wliite variety. Several of the crossed plants 
iji Pot I. likewise iKHonged to this variety, as did a very fi;w in 
Pols II. and 111, The tallest crossed };lant in Pot 1. was 7 inches, 
and the tallest self-fertilised plant on the opposite side 8 inches ; 
in J\its II. and III. tlie tallest crossi-d uere li and Gi, and tlie 
tallest self-fertilised 7 and Gi inch(.*s in lieiglit; so that th(‘ 
average height of the tallest jdaiits in the two lots was as 100 
for the crossed to 12G for the self-fertilised; and thus wo have 
a complete reviirsal of what occurred in the lour previous gi'Ue- 
ratioiis. Nevertheless, in all three pots the crossed jdants 
retained tlidir habit of llowering Ixifori! tlu; self-fertilised. The 
•plants^werc unhealthy from being crowded and from the extreme 
heat of the season, and were in eonseipience luovje or less 
sterile ; but the crossed plants were some^^hut less sterile than 
the self-fertilised plants. 
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Cro$s‘’d and aolf-fartil ised Plants of the Hitih Oeneratiov, — Seeds 
from plants of tlic fifth .trencratioii crossed and self-fertilised in 
the usual manner ^^OJ•c sown on opposite sides of several pots. 
On the self-fertilised side every single plant belonged to the tall 
white variety. On the crossed side some plants belonged to this 
variety, but the grcat(T number approached in character to th() 
oI<l ajid shorte;; kinds with smaller yellowish flowers blotched 
wfth c(>})pory browm. AVlien the plants on both sides were from 2 
t(#8 inches in height th(‘y were equal, but wiicn fully grown 
the self* fertilised were (le(*i(ledly the tallest and finest plants, but, 
from want of time, tin y were not actually measured. In half 
the ]»ots tht*^ first plant which flow'cred ^yas a selT-fortilised one, 
and in the other half a crossed one. And now' aflother remark- 
able change was (dearly ]>er(M*ived, namely, that the self-fertilised 
])hints iiad become more self-fertile than the crossed. The 
l)ots W(‘re all put under a net to exclude insects, and the crossed 
j)lants ]U’oduc.ed si>ontaneonsly only fifty-five capsules, whilst 
tlie sell-fertilised j)laiits ])rodu(;ed eighty-one capsules, or as 100 
to 117. The seeds from uiue capsules of botli lots WTre placed 
in se])ai’}de w'atch-glasses for com]>arison, and the scilf-fertilised 
a])peared rather the mor(i numerous. Desides those s])outa- 
iioously self-fertilised (‘apsides, tw’outy flowers on the crossed 
plants again crossed yielded sixteen capsules; tw’enty-fiv(^ 
flowers on the self-fiirtilised jdants again self-fertilised j^elded 
seventeen ca])sules, and this is a larger pi'oportional numlnT of 
C4ii>sides tlian was produced by the self-fertilised flo^vers on tho 
self-fertilised plants in tl^p ]>r(wious generations. The contents 
of ten capsules of both these lots were eom]mrcd in separate 
watch-glasses, afid the seiuls from the seif- fertilised appeared 
decidedly more numerous than those from tlie crossed plants. 

■ Classed and scJ/~ferttUsed- Ptmtis of the Seventh Generation , — 
Crossed aud self-fertilised seeds from tho crossed aud self-ferti- 
lised plants of the sixth geiuTatioii were sowm in the usual 
manner on (qq)osito sides of three ]K)ts, and the seedlings 'weri^ 
well aud equally thinned. Every one of the sclf-fertilisecl plants 
(and many were raised) in^his, as well as in the eighth and ninth 
generations,^ belonged to the tall wliite variety. Their unifomiity 
of charact(‘r, in comparison with tho seedlings raised fr^m 
tho ])urcli{ised seed, was quite remarkable. On the other hand*, 
tho crossed plants differed much in the tints of their *flowers, 
but not, I think, U) so groat a degree as those first raised. 
I d(ftermined this time to measure the plants on both sides 



158 


MIMULUS LTTTEUg^. 


CuAr. III. 


crossoci and Bclf-fertilised plants of the last gcnerati ou; Init 
iioitlier my gardener nor myself conld reineml)cr aiiy sncli variety 
in the seedlings raised from the jmrclnised seed. ]t must tliere- 
fore have arisen either through onlinary variation, or, judging 
from its appearance amongst l>oth the cross(^d and s(?lf-f(Ttilised 
plants, more piH)l)ably through reversion to a fornua-ly t'xistiug 
variety. 

In Pot I. the tallest crossed ]>lant was 8) inches, and flui 
tallest self-fertilised 5 inches in lieight. In J’ot 11. tlie talhyst 
crossed plant was (5j incluis, and tlu* tallest s('lf-fi‘rtilised ])lant, 
which consisted of the wliite variety, 7 indies in height; and 
this was the tiVst instance in iiiy ex[)oriiiients on ]\Iimulusin 
which the tallKst self-fertilised plant exc(H‘iled the tallest crossetl. 
Nevertheless, the two tallest crossed i^lants takin together were 
to the two tallest self-fertilised plants in height as lOO to 80. 
As yet the crossed phints were sujx rior to the self-h'rtilised in 
fertility; for twelve flowers on the crossed plants were crossed 
and yielded ten capsules, the seeds of which weiglu'd 1*71 grain. 
Twenty flowers on the self-fertilised plants w(*re self-fertilised, 
and in'oduced fiftc.'eu eapsnles, all a]>peanng ])oor; and the set ds 
from ten of them weighed only *G8 grain, so that from an 
eijual numl)er of (iapsulc^s the crosseil steeds werti to the self- 
fertilised in weight as 100 to -10. 

C/Vssed and self-ftrlil istd Plants of the Fifth (ivnerafi^m. — Seeds 
from both lots of the fourth generation, fertilised in the nsiial 
Jiiaiiner, were sown on opposite sides of three pots. \Vhen the 
seedlings flowered, most of the; self-fca tilised plants were* found 
to consist of the tall white variety. Sev(?ral of tiie crossed plants 
in Pot 1. likewise iKiloiiged to this variety, as did a very few in 
Pots II. and HI. The tallest crossed jjlant in l*ot I. was 7 inches, 
and the tallest S(‘lf-fertiJised plant on tJie opposite side 8 inchi'S ; 
in Pots II. and 111. the tallest crossetl were 4i and and tlie 
tallest self-fertilised 7 and Gi inches in height; so that thci 
t average height of the tallest plants in the two lots was as 100 
for tlie crossed to 12G for the self-fertilised ; and thus we have 
a complete reversal of wdiat occurred in the four pr<Jvious genc'- 
ratioris. Nevertheless, iu all three pots the crossed plants 
retained thdir habit of flowxTing before the self-fertilised. The 
• plants^ -vvere unhealthy from lieing crowaled and from the extreme 
heat of the season, and were in consequence luo^ or less 
sterile ; but the crossed jilants were somcA^hat less sterile than 
the self-fertilised plants. 
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Crofis^'d and Ridf-ftrtiliMd Plants of the Sixth Generation, — Seeds 
from plants of the fifth ^reneration crossed and self-fertilised in 
the usual manner \^crc sown on opposite sides of several pots. 
On the self-fertilised side every single plant belonged to the tall 
wliitc variety. On the crossed side some plants belonged to this 
variety, but the greater number approached in character to the 
old and shorten; kinds with smaller yellowish flowers blotched 
with coppei’y brown. 'When the plants on both sides were from 2 
tqgS iiKjlios in height they were equal, but when fully grown 
the self* fertilised were decidedly the tallest and finest plants, but, 
from want of time, they w’ere not actually measured. In half 
the pots tlu^ first plant which flowered ^yas a seft-fertilised one, 
and in the other half a crossed one. And now aftother remark- 
able change was clearly perceived, namely, that the self-fertilised 
])lants had become more sclf-ft^rtilc than the crossed. The 
pots wore all put uiuh'r a. net to exclude insects, and the crossed 
])laiits produced sjiontaiicously only fifty-five capsules, whilst 
tlio self-fertilised plants ])ro(luced cighty-one capsules, or as 100 
to ] 17. Th(^ seeds from nine capsules of both lots were placed 
in stparate watch-glass(;s for coinjmrison, and the self-fertilised 
appeai\‘d rather the more immcrous. llesides those s])onta- 
noously self-fertilised ca])sulcs, twenty flowers on the crossed 
plants again crossed yielded sixteen capsules; twcnty-fiv(i 
flowers on the self-fertilised plants again self-fertilised yielded 
seventeen capsules, and this is a larger ])roportional number of 
cai>sules than was produced by tlie self-fertilised flowers on the 
self-fertilised jilaiits in tl\p previous generations. The contents 
of ton capsules of both these lots wxrc com])aro<i in separate 
watch-glasses, atitl ilio seeds from the self-fertilised appeared 
decidedly more numcrtiiis tliaii those from the crossed plants. 

' Crossed and scf/fertilised Plants of the Seventh Generation . — 
Crossed and self-fertilised seeds from the crossed and self-ferti-* 
lised plants of the sixth generation were sown in the usual 
manner on opposite sides of three pots, and the seedlings wer% 
well and equally thinned. Every one of the self-fertilised plants 
(and many were raised) inlihis, as w'ell as in the eighth and ninth 
generations,^ belonged to the tall white variety. Their uniformity 
of character, in comparison with the seedlings lirgjt raised fr^m 
the j)ur(*.luised seed, w'as quite remarkable. On the other hand*, 
the crossed i)lants diifered much in the tints of their flowers, 
but not, I think, t#> so great a degree as those first raised. 
I d<Jtermined this time to measure the plants on both sides 
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carefully. Tlie self-fcrtiJised seedlings came up raflier before the 
crossed, but lx)th lots were for a time of equal height. When first 
measured, the average heiglit of the six tallest crossed plants in 
the three i>ots was 7*02, and that of the six tallest self-fertilised 
plants 8*97 inches, or as 100 to 128. When fully grown tlu^ 
same plants wei*e again measured, with the result shown in the 
following table:— 


Table XVIII. (Scivn//f Ocnrrre^/o??.) 


No. of Pot. 

Cros>oii IMaiits. 

Sflf-ff-rtiliwl Pl.'ints. 


ItiCliOS. 


'l. 

115 



Hi 

18 

11. 


ISjJ 


115 

14 

III. 


1L>S 


lls 

11 

Total iochea. 

♦38 

p:J'8s 


The average height of the six crossed is hero 11 *48, and that 
of the six self-fertilised 15 *04, or as 100 to 187. 

As it was now' evident that the tall white variety transmitted 
its characters faithfully, and as the self-fertilised plants consisted 
exclusively of this variety, it was manifest that they would 
always exceed in height the crosse(l plants which Uflongcd 
chiefly to the original shorter varieties. This line of exj)erinicnt 
W’as therefore discontinued, and I tried wlictlier intercrossing 
tw'o self-fertilised plants of tlie sixth generation, growing in dis- 
tinct pots, would give their offspring any advantage over the 
offspring of flowers on one of the same plants fertilised with their 
own pollen. These latter seedlings formed the seventh genera- 
jtion of self-fertilised plants, like those in the right-hand column 
in Table XVIII. ; the crossed plants were the i)roduct of six 
previous self-fertilised generations ^ith an intercross in tlie 
last generation. The seeds were allowed to germinate on sand^ 
apfcl were pltfntM in pairs on opposite sides of four pots, all the 
^remaining seeds being sown crowded on opposite sides of Pot 
V. in Table XIX. ; the three tallest on each side in this Jitter pot 
being alone measured. All the plants were twice nleasured — the 
:&Bt time whilst young, and the average height of the crossed pKints 
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to that of tJio self-fertiliscd was then as 100 to 122. When fully 
i,TOwn they were again measured, as in the following table : — 


Table XIX. 


No. of Pot. 

Intercrossed IMnnts 

1 rom Self-ferti 1 ist^I 
Plants 4>f the Sixth 
Generation. 

Self-fertilised Plfants 
of the Seventh 
Generation. 


IiicIk'S. 

Inches. 

I. 







10 

11 



n. 

II. 

103 

7S 

Ill 


113 


la^ 

«5 


7 

1-13 

HI. 

' 135 

; ‘2} 

103 


115 

IV. 

! 

ifS 


i 83 

7 


i 75 

8 

V. 

85 

10 « 

CVowiUul. 

9 1 

• 9i| 


1 . . .. J 

05 

Total in inches. 

159-38 

0 


• 

1 


The average Infiglit of the sixteen intercrossed plants is here 
9 *90 incluis,and that of the sixteen self-fertilised i>lants 10 *96, or 
as 100 to 110 ; so that the intercrossed plants, the progenitors of 
which liad l)een self-fertilised for the six previous generations, 
and liad been exposed during the whole time to remarkably uni- 
form conditions, were somewhat inferior in height to the plants 
of the seventh self-fertilised generation. But as wo shall pre- 
sently see that a similar experiment made after two additional 
generations of self-fertilisation gave a different result, I know 
not how far to trust the present one. In tlfree* of the five 
pots in Table XIX. a self-fertilised plant fiowered first, and in. 
the other Jiwo a crossed plant. These self-fertilised planfs were 
remarkably fertile, fjr twenty flowers fertilised with their own 
pollen produced no loss than nineteen very fine capsules ! 
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The effects of a Cross with a distinct Stock , flowers on the 
self-fertilised plants in Pot IV. in Table XIX. were fertilised 
with their own pollen, and i»lants of tlie bighth self-fertilised 
generation were thus raised, merely to serve a^l)aronts in the fol- 
lowing experiment Several flowers on these plants were allow('d 
to fertilise themselves spontaneously (insects being of course 
excluded), and the plants raised from these sjeeds formed th(‘ 
ninth self-fertilised generation; they consisted wholly of the tall 
white variety with crimson blotches. Other flow*n‘s on ^ho 
same plants of the laglitli stjlf-fertilis{*d genei-ation wtTC oiussed 
with pollen taken from another plant of tlu; same lot ; so that 
the seedlings Hhtis raised were the offspring of ci<rht ]»revious 
generations 6f self-fertilisatimi with an intercross in the last 
generation; these I will call the intcrrrosscfl pfnufs. Lastly, 
other flower’s on the same i^tnnts of the eighth st‘lf-fertilised 
generation were crossed with pollen taken from plants which had 
been raised from seed procured from a garden at Cluhsea. The 
Chelsea plants bore yclhuv flowers blotehetl with red, but differed 
in no other respect. They had In^en growji out of doors, whilst 
mine had been cultivated in iK)ts in the grec^nhouso for the 
last eight generations, and in a different kind of soil. The 
seedlings raised from this cross with a wholly difftn'ent sb>ek 
may bo called the ("h*! sett-crossed J' The thr(,‘c lots of seeds 
thus* obtained were allow’cd to gonninatc on bare sand ; and 
whenever a seed in all three lots, or in only two, gcTininated at 
the same time, they were planted in i)ots superficially <lividod 
into three or two comiMirtmentSr The remaining seeds, 
whether or not in a state of germination, wore thickly sown in 
three divisions in a large pot, X., in Table XX.‘' When the jffants 
had grown to their full height they were ineasurc'd, as shown in 
the following table; but only the three tallest plants in each of 
the tlircc divisions in Pot X. were measured. 

In this table tlie average height of the twenty-eight Chelsea- 
crossed idants is 21 ’0*2 inches; that of the twenty-s(wen inter- 
crossed plants 12 • 2 ; and that of the nineteen self-fertilised 1 0 * *44. 
But with rosjwet to the hitler it will Ixfthe fairest jilan to strike out 
two dwarfed ones (only 4 inches in height), so as not to exaggerate 
tfee inferiority <Jf tlie self-fertilised plants; and this will raise the 
■average height of the seventeen remaining self-fertilised plants 
to 11 ’2 inches. Therefore the Chetea-crossed are todlio inter- 
crossed in height as 100 to 50 ; the Chelsea-crossSd to the self- 
fertilised as 100 to 52 ; and the intercrossed to the self-fertilised 
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Table XX. 



J'lants from 
fertilisi*!! Plaiits of 

Plants from an in- 
icTCToss beiw<‘Pn 

.Self-fertilised 
Plants#>f the Ninth 
G^'-neration from 
iMants of the 
Kightli Self-ferti- 
lised Gf Mcration. 

No. of Pot. 

t!ic‘ Kij^liili <!ciii*ra- 

tli<* Plants of the 


tion cios.s-e«l l»y 
Clirisea Plants. 

Kiglith Scir-ferii- 
lised (jcm-rution. 


inclica. 

inches. 

Inche,s. 

I. 


U- 

■Jj 


-«3 

ms 



•• 

i-n 

U) 

ir. 

; 20 S 


llg 

• 


12 

’•'J 

• i‘-'3 

• 

11 r. 


12; 




• 

llj 




^*8 

IV. 

22 jj* 

n 

4 


22 


mi 


17 


11 

V. 

ooa 

s 

0 



19;» 

11 

i:t 



•• . 


VI. 

-'85 


12 


-2 

7 1 



: 

1--2 3 

j 8 

Vll. 


1 

i:» i 




122 

, , 


. 

» 20. 

lls 

. . 


: 2 rtj 

i :.2 

•• 

VJIl. 

; I'l 

i i:’ii 

~ 


1 *>o (i 

1 Ug 

, , 


i , _ 

I 

• • 

IX. 

00 0 

1 *"* 3 

\ 11 § 



! 6 • 

1 17 

, , 


|. 2 ()K 

1 HJ 

•• 

X. 

18i 

93 

* 102 

Crowded Plants. 


8i 

84 

• 


10 

111* 





Total inches. 

! • C05’38 

329 -DO 

198-56 

• 
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ns 100 to 92. We thus sec how immensely sujierior in height 
tlic Chelsea-crossed arc to the intercrossed and to the self- 
fertilised plants. They began to show tlnSr superiority wlien 
only One inch high. They were also, when fully grown, much 
more branched with larger leaves and somewhat larger flowers 
than the plants of the other two lots, so that if they had been 
weighed, the ratio would certainly have Iwen much higlier than 
tliat of 100 to 56 and 52. 

The intercrassed ])laiits jure here to the self-fertilised tin 
heiglit as 100 to 92; whereas in the analogous ex])eriment 
given in Table XIX. the intercrossed i>lants from the self- 
fertilised i)lanfs of the sixtii generation were inferior in height 
to the self-fOi*tilised plants in the ratio of 100 to 110. I 
doubt whether this discordance in the results of tlic two 
experiments can be explained by the self-fertilised ]>lants in tlic 
present case having been raised from s])ont.aneonsly self- 
fertilised seeds, whereas in the fonner (‘ase tliey were raised 
from artificially self-fertilised seeds; nor by the ]>rescnt ])lauts 
having been self- fertilised during two additional generations, 
thongli this is a more ])robable explanation. 

With resi)ect to fertility, the twenty-eight Chels(*a-cr()ssed 
plants produced 272 capsules; the twenty-seven intiu-crossod 
plants ju’odnced 24; and the seventeen self-fertilis(‘d ])]ants 17 
cai)sulcs. All the plants were left nncovenul so as to bo naturally 
fertilised, and empty capsules were rejected. 


Cai)»ules. 

Therefore 20 Chelsea-crossed ])huits would liave produced 194 * 29 
„ 20 Intercrossed plants „ ^ „ 17*77 

20 Self-fertilised plants „ „ 20*00 

Grains. 

The seeds contained in 8 capsules from tlie Chelsea- 1 2*1 
crossed plants w’eighed 

The St ods contained in 8 capsules from the Intercrossed ) 

^ plants W’eighed S 

The seeds contained in 8 capsules frop the Self-fertilised ) Q.gg 
plants w'eighed J ^ 


Jf wo combing' the numl)er of capsules produced together with 
the average weight of contained seeds, we get the Ibllow’ing 
extraorSinary ratios : 

Weight of seed produced by the same member ™ . 

of Chelsea-crossed and intercrossed plants .3 ^ ® 
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Weij'lit of K(‘ 0 (l prodncfxl hy tho same iiiimhcr ) ^ ^ 

of Cholsea-crosscd and solf-fertili8od plants f 
Weight of st‘(HlK protlucod hy tlic same number ) ^qq to 73 
of intercrossed and self-fertilised plants . . f 

It is also a nMiiarkable bict that the Chelsea-crossed plants 
•xcee(h;d tlie two,t)ther lots in hardiness, as greatly as they did 
in height, luxuriance, and fertility. In the early antniiin most of 
thc4|>otS were bedded out in the open ground ; and ihis always 
injures ])lants which have been long kept in a warm greenhouse. 
All three lots conseciuently suffered greatly, but the Chelsea- 
crossed plants^ninch less than the other two lots. P)n the 3rd of 
(Vtober the Ch(‘lsea-(*r()ssed plants began to flow«r again, and 
continiKMl to do so ha* some time ; whilst not a single flower was 
l)roduce<l by the ])lants of the other two lots, the stems of which 
wore cut almost down to the ground and seemed half dead. 
Early in December there was a sharp frost, and the stems of 
Chelsea-cross(‘d were now cut dowm ; but on the 23rd of December 
they began to shoot u]) again from the roots, whilst all the plants 
of the other two lots were quite dead. 

Although several of the self-fertilised seeds, from wiiich the 
jdants in the right-hand column in Table XX. w’ore raised, germi- 
nated (and were of course rejected) before any of those of the 
other two lots, yet in only one of the' ten pots did a Self- 
fertilised plant flower before the Chelsea-crossed or the inter- 
crossed plants growing in "the same pots. The jdaiits of these 
two latter lots flowered at^he same time, though the Chelsea- 
crossed grew so much taller and more vigorously than the 
int(‘rcrossed. * 

As already stated, the flowers of the plants originally raised 
from the Chelsea seeds were yellow ; and it deserves notice that 
every one of the twenty-eight saullings raised from the tall 
wliitc variety fertilised, without Iwing castrated, "with i)ollcn 
from the Chelsea i)lanfj?, i)roduced yellow flowers; and this 
shows how i)repotent this colour, which is the natural one of 
tlie species, is over the whit?, colour. 

The Effects on the Offspring of intercrossing Flowers on the 
same Plant, instead of crossing distinct Individuah»^ln all tli^! 
foregoing cxi)eriments the crossed plants were the produ(‘t of a 
cross l)ctt\»en distinct plants. I now selected a very vigorous 
plant in Table *XX., Miiscd by fertilising a plant of the eighth^ 
solf-fc^tilised generation with pollen from the Chelsea stock. 
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Several flowers on this ])Iant wore crossed with pollen from othc'r 
flowers on the same plant, ami several other flowers w(*re 
fertilised with their own pollen. Th<^ sccA thus ])ro(lnee(l was 
allowed to germinate on hare sand ; and the secnllings w('re 
|)lallt(^d in the usual manner on the o])])osite sides of six 
pots. All the remaijiing seeds, whether or not in a state of 
germination, wore sown thickly in Pot Yll.;,the thrive tallest 
plants on each side of this latter ])ot h(‘iiig alom^ measured. As I 
was in a hurry to learn the result, some of these se(‘ds were s* wn 
late in the autumn, hut the ]>lants grew so irregularly during 
the winter, tliat one crossed plant was inches, and two 
others only 4', or less than 4 inches in height, as. may h(i seen 
in Table XXL Under such circumstances, as I have observed 
in many other cases, the result is not in the hiast trust- 
worthy; nevertheless 1 feel ho\ind to give tlu' measim'ments. 


Tabi.k XXL 



PliUits raisi'd iroin a 

Plants fnmi 

No. of Pot, 

Crofwi dif- 

FluWfis Icrtilispd 

fi'rcni. Flowers on tlu* 

with tlx-ir i>nn 


suno IMatiU 

Pnli. M. 


1 Inclu'S. 

IiirliHs. 

I. 

17 

17 


9 

! 

ii 

II. 

•2S2 

IPJ 



s 


i-j .. 

-i 

III. 

4 i 

i : l.-.g 


■n : 

! 10 

IV. 

i 2:jj 

i 



\ ' ' 

V. 

7 

l:ij 

VI. 



1 

11 

! 

- 


‘J\ 

ir.j 

Crowded. 

US 

11 


12i 

10 

.. . .... 

Total inches. 

1 

210-88 

1 

lA)-7r, 
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The fifteen crossed j)hiuts here average 14*05, and the fifteen 
self-fertilised plants 9*38 in height, or as 100 to G7. But if 
all the ])lants under km inches in height arc struck out, the ratio 
of the eleven crossed plants to the eight self-fertifised plants 
is as 100 to 82. 

On the following sj»riiig, some remaining seeds of the two 
lots were treated in exactly the .same manner ; and the measure- 
ments of the seedlings are given in the following table : — 

Table XXII. 
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Here the averapro height of the twenty- two crosseil ])lants is 
16*85, and that of tlie twenty-two self-fertilised plants 1()'()7 ; or 
as 100 to 95. But if four of the ])lants iK Pot VII.. wliich are 
iiiu(^]» shorter than any of the otliors, arc struck out (and this 
would l)e the fairest i)lan), the twenty-one crossed an' to the 
nineteen self-fertilised ]>lanis in liciglit as 100 to 100 •(> -that is, 
are Ofiual. All the ])lants,exco]»t the crowdinl ones in Pot VIll., 
after l>eing measured were cut down, and the eighteen cross<‘d 
plants weighe«i 10 oz., whilst the same numher of s(‘lf-ft‘rti]^iscd 
]»lant.s weighed 10.1 oz., or as 100 to 102*5; hut if the dwarf( <l 
plants in Pot A'll. had heen excluded, the wilf-fertilised would 
liave exceeded the crossed in weight in a highm* rati«>. in all 
the i)reviousLCXj)erinients in which seedlings were raid'd fnaii a 
cross l)etween distinct plants, and were ])ut into competition 
with self-fertilised plants, the former generally ilowereil first ; 
hut in tlie ])resent ease, in seven out of the i‘ight i>ots a 
self-fertilised ]>]aiit flowered before' a crosses I one on tlie 
opiK)site siile. Considering all tin* evideiKH' with rcsj>eet to 
the ))lants in Table XXIL, a cross hetweem two flowens on tin* 
same plant seems to give no advantage to tin' ()fts])riiig thus 
pi’odncod, the self-fertili.s(‘d ])laiits being in weight sii] M‘ri< u*. But 
this eoni^lnsion eannot ahsolutc'ly trusted, owing to the 
inca.siiremcnts given in Table XXI., though these latter, from 
the cause already assigned, are very inueh less tnistwcndhy than 

the ])reseiit ones. 

# 

Sammary of Ohaervations on Mimulua luteus, — In thi' 
tliroe first gtuierutioiis of crossed uinl self-fertilised 
plants, the tallest plants alone on iiacli sidt* of tlie 
several pots were measured; and the aviTage height 
of th(? tcni crossed to that of tlie t(jn self-iertilised 
plants was as 100 to 04. The crossi‘d were also nineh 
more fertile than the self-fertilised, and so iiiueli 
more vigorous that they exceeded them in height, even 
when sown on the ojiposite side of the sanui ])ot after 
an interval Of four days. The same superiority was 
likewtiso shown in a remarkable manner when both 
kinds of seeds w ere sown on the opjiosite ^ide'fe of a pot 
' with very poor earth full of the root's of another plant. 
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In one instance crossed and self-fertilised seedlings, 
grown in rieli soil and not put into competition with 
eacli otlier, attamed to an equal height. , Wlxen we 
come to the fourth generation the two tallest crossed 
plants taken together exceeded by only a little the two 
tall(*st s(‘lf-fertilised plants, and one of the latter boat 
its cross(.*d o])])onent,~ -a circumstance which had not 
o<dburr(‘d in the previous generations. I'his vicjtorious 
solf-f(*rtilis(Ml jJaiit consisted of a new white-flowered 
variety, which grew taller than the oJd yellowish 
varieties. *I<h*oiu the first it seemed to be#rather more 
bn’tih', when self-fertilised, than the old varietitjs, and 
in till* snc(*Ve(ling self-fertilised generations iMJcaim* 
more and more sidf-fertile. In the sixth generation tin* 
solf-fertilis(j<l plants of this variety comj)ared with the 
(n*oss(‘(l j)laTits jjrodiiced <%*ipsules in the ))ro])ortion 
of 147 to 100, both lots being allowed to fertilise 
theinselv(‘s sj)ontaneonsly. In the seventh generation 
tw(*nty flow(‘rs on one of these plants artilicially 
self-fertilistMl yielded no less than nineteen veny. fine 
capsules ! 

This varuity transmitted its (duiracters so faithfully 
to all tln^ succ(jeding isolf-fertilised generations, up to 
the last or ninj:h, that all the many i>lants which wert* 
rais(‘d presented a complete uniformity of character; 
thus offering a remarkable <H>ntrast with the seedlings 
raised from the purchased seeds. Yet this variety 
retained to tln^ last a latent tendency to produce* 
yellow flowers ; for when a plant of the eighth sidf- 
fortilised generation was crossed with pollen from a 
yellow-flowered plant of the Chelsea stock, every 
single seedling bonj! yellow flowers. A similar varie^v, 
at least in the colour of its flowers, also appeared 
amongst the (irossed plants of the third generation. 
No •attention was at first paid to it, and I know not 
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how far it was at first used either for crossing or self- 
fertilisation. In the fifth generation most of the 
self-fertili^d plants, and in the sfxth and all the 
succeeding generations every single plant con8iste<l of 
this variety ; and this no doubt was partly duo to its 
great and increasing self-fertility. On the oth(‘r 
hand, it disappeared from amongst tlie crossed jilants 
in the later generations; and this was }>rol)al!ly 
due to the continutid intercrossing of the several 
plants. Fiiom the tallness of this variety, tlu? self- 
fertilised plants ex(teeded the crossed plants in heiglit 
in all the genemtions from the fifth to tln^ seventh 
inclusive; and no doubt **would have done so in tin* 
later generations, had they be(‘n grown in eoinja tition 
with one another. In the fifth g(‘neration tlie (TosstMl 
plants were in height to the self-fertilised, ns 100 to 
12G; in the sixth, as 100 to 147 ; and in the seventh 
generation, as 100 to 137. This <*xc(\ss of hi‘iglit may 
be attributed not only to this variety naturally grtiwing 
taller than the otlujr plants, but to its j)oss(‘ssing a 
peculiar constitution, so that it did not sillier iVoin 
continued self-fertilisation. 

This variety presents a strikingly analogous case 
that of the plant called the Hero, which appeared in 
the sixth self-lertilised generation (fi* Ipomcea. II' 
the seeds produced by Hero had been as grtiatly in 
excess of those produced by the other i)lants, as was the 
case with Mimulus, and if all the seeds had been 
mingled together, the offspring of Hero would have 
increased to the entire exclusion of the ordinary 
plants in the later self-fertilised generations, and from 
naturally 'growing taller would have exceeded the 
crossed plants in height in each succeeding generation. 

Some of the self-fertilised plants of thq siixh gene- 
1*ation were intercrossed, as w^ere some in the eighth 
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t^^eneration ; and tlio seedlings from these crosses were 
grown in competition with self-fertilised plants of the 
two eorrespondinff generations. In the first trial the 
intercrossed plants were less fertile than the self- 
iertilised, and less tall in the ratio of 100 to 110. 
In th(' second trial, the intercrossed plants were more 
fortiI(^ tlian the self-fertilised in the ratio of 100 to 
Tlljiland taller in the ratio of 100 to 02. Notwith- 
standing that tln^ elf-f<‘rtilis(‘d ]>lants in the second 
trial were the product of two additional generations 
of self-fertilisation, I cannot understand this discor- 
dance in till' r<..«^nlts of fhe two analogous experiments. 

I’lu- most important of •all tlie cx])eriinents on 
^limuliis are those in which fiowers on jdants of the 
tli seif-fertilised generation werc^ again sclf-ferti- 
.. ; other llowt.A*s on distinct plants of the same lot 

we-... iiitercrosued , and others were crossed with a new 
>..> k of j>lants from Chelsea. Tin:} Clndsea-crossod 
s(^edlii»gs were to the intercrossed in height as 100 to 
oO. 'd 'n fertility as 100 to 4 ; and they were to the 
st!]f-f(jrtilis(?d plants, in Indglit as 100 to 52, and in 
fertility as 100 to o. I'heso Chelsea-crossed plants 
wc.Tc also much more Jiardy than the plants of the 
«ahor two lots; ^so that altogether the gain from the 
<*ross with a fresh stock was wond(n*fully great. 

Lastly, sc^edlings raised from a cross between flowers 
on the sam<‘ plant were not superior to those from 
ihjwers fertilised with tlieirown ]H>llcn; but this result 
c.annot be absolutcily trusted, owing to some previous 
observations, which, hensever, were made under very 
unfavourable circumstances. 

Digitalis purtuuea. 

The flow^^s of the coiiunon Foxglove are protcraiidrous ;* that 
is, the pollen ismiatiup and mostly shed before the stigma of 
the same lloAver is ready for fertilisaliou. This is effected hy 
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the larger humhle-hees, wliich, whilst in search of nectar, carry 
pollen from flower to flower. Tlie two upper and longer 
stamens shed tlicir ]X)lleu iK'fore the two knver and sliorter 
ones. /rhe‘ meaning of this fact probably is, as Dr. Ogle re- 
marks* that the anthers of the longer stamens stand near to 
the stigma, so that they would be the most lik(*ly to fertilise it; 
and as it is an advantage to avoid self- fertilisation, they shcH.1 
their pollen flrst, thus lessoning the ehanec. Ther(i is, however, 
but little dang(‘r of solf-fortilisation until tluj bifid stigma 
opens ; for llildehraiid t found that ])ollen placed on the stigma 
before it had opened ])roduced no effect. The anthers, which 
are large, stand at first transversely with rcs]^ect to the tubular 
corolla, and ^f they w*erc to dehisce in this jiositioii they w'ould, 
as Dr. Ogle also remarks, smear with pollen the wiioh^ hack and 
sides of an entering liiimhle^bee in a useless manner; hut the 
antliers twist ronnd and pI.‘i<!C themselves longitndin.ally before 
they dehisce. The lower and inner side of the month of the 
corolla is thickly clothed wiili hairs, and these collect so nnuii 
of the fallen })()llen that I have seen the under surface of a 
humblo-beo thickly dusted with it; hut tin’s can never be ap- 
plied to the stigma, as the bees in retreating do not turn their 
under surfaces ui)wards. 1 w’as therefore ])U5:zlcd wlictlKi* these 
hairs were of any use; hut Mr. Pelt lias, I think, explained 
the^r use : the smaller kinds of bees are not fitted to fertilise 
the flowers, and if they were allowed to enter easily thi^y would 
steal much nectar, and fewer large bees would haunt tlu* 
flow^ers. Ilunible-beos can crawl into the (lej)endent flowxTS 
with the greatest ease, using the liuirs as footholds whih; 
.sucking the honey ; but the smaller hee/; are impeded hy 
them, and wiien, having at length struggled through th(‘m, they 
roach the sli^ipery ])rcei])ico above, they arc (‘omjiletely 
baffled.” IVIr. Belt says that lie watched many flowers during 
a whole season in North Wales, and “ only onc-e saw a small 
l)ec reach the nectary, though many w^ere seen trying in vain to 
^ do so.” X 

I covered a yilant growing in it» native soil in North Wales 
with a net, and fertilised six flowers each with its own pollen, 

« ' ' ' ■ 

‘Popular Science Review,* gun,* 1874, p. 132. But it appears 
«lan. }870, p. 50. from H. M Ulk r (‘ Die Befmehtung 

t * Geschlecljter - VcrlliciluiJg <h*r Blurnen,’ 1873, ip. 28.'}), that 
bci <leii Pflanzen,' 1807, p. 20. sinull ii^sects >*nnetimes succeed 

J ‘ The Naturalist in Nicara- in entering the flowers, 
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and six others with pollen from a distinct plant growing witliiii 
the distance of a few feet. The covered plant was occasionally 
shaken with violeiicof so as to imitate the etfects of a gale of 
wind, and thus to fiicilitate as far as possible self-^rtilisation. 
It boro ninety-two flowers (l)esides the dozen artificially ferti- 
lised), and of tlicse only twenty-four produced capsules ; whereas 
almost all the flowers on the surrounding uncovered plants were 
fruitful. Of the twenty-four spontaneously sclt-fertiliscd cap- 
sul(j|, only two contained their full comjflcment of seed; six 
contained a moderate supply; and the remaining sixteen ex- 
tremely few seeds. A little ]jollcn adhering to the anthers after 
they had dehisced, and accidenially falling on the stigma when 
mature, must have been the means by wliich the a>)ove twenty- 
four flowers were partially self-fertilised ; for the margins of the 
corolla ill withering do not curl inwards, nor do the flowers in 
dropjjing off turn round on their axes, so as to bring the pollen- 
covered hairs, with which the lower surface is clothed, into con- 
tact with the stigma — by either of which means self- fertilisation 
might be effected. 

Seeds from the above crossed and self-fertilised capsules, after 
germinating on baie sand, were planted in pairs on the opposite 
sides of five moderately-sized pots, which were kept in the green- 
house. The plants after a time appeared starved, and were 
therefore, without lx)ing disturlxjd, turned out of their iJots,«nd 
planted in the open ground in two close parallel rows. They 
were thus subjected to tolerably severe competition with one 
another; but not nearly so Revere as if they had been left in the 
pots. At tlie time when they were turned out, their leaves were 
between 5 and 8 Ouches in length, and the longest leaf on 
the finest plant on each side of each pot w^as measured, with the 
result that the leaves of the cross(^ X)lantB exceeded, on an 
average, those of the self- fertilised plants by 'I: of an inch. 

In the following summer the tallest flower-stem on each plant, 
when fully grown, was measured. There were seventeen crossed 
plants ; but one did not produce a flower-stem. There were also, 
originally, seventeen self-fcAilised plants, but these bad such 
poor constitutions that no less than nine died in the course of 
the winter and spring, leaving only eight to he x&eaHured, as i^ 
the following table : — 
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Table XXIII. 

The tallest Floirev-stvm on each riant rneasm'ed : 0 means that 
thc j*lant tiled hvforc a Flower-stem \rus jrnMlnecd, 


No. of Pot. 

CroJMt'tl Plants. 

Self-fertilised Plants. 


ln(‘li«*s. 

Ini'hes. 

I. 

5:111 



57 ^ 

5.J 5 


b 

0 


Co 

0 

. II- 

;i4j 

.50 



;52 


>ivi 

2r 

III. 


55 ^ 


55 j 

0 


.50 J 

57 g 

1) 


0 

IV. 

04^ 

.54^ 


,57 1 

25 


•* 

0 

V. 

5:» 

H 


47 •• 

n 



0 

Total in iiif hos. 

821 -25 

; 287-00 


The average height of the flower-sterns of the sixteen crossed 
]ilaiits is here rjl*i53 inches; and tliat of the eight self-fertilised 
plants, 3o ■ .S7 ; or as 100 to 70. But this diUVrence in height does 
not give at all a fair idea of the vast superiority of the crossed 
plants. These latter produced al together sixt^ -four flower-stems, 
each plant producing, on an average, 6xactly four flower-stems ; 
whereas the eight self-i'ertilised plants i)roduced only fifteen 
flower-stems, eacii producing an average only of 1*87 stems, and 
these had a less luxuriant appearance. We may put the result in 
another Avay : the number of flower-stems on the crossed plants was 
tp those on •an i oual number of self-fertilised plants as 100 to 48. 
. Three crosse<l seeds in a state of germination were also planted 
in thjfco sei)arate pots; and three self-fertilised segds in tlio 
same state in three other pots. These ^plants* were therefore 
^ at first exposed to no comi)etition with one another, and when 
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turned out of their pots into the open ground they were planted 
at a moderate distance apart, so that they were exposed to much 
loss severe competitiAi than in the last case. The lojigest leaves 
on the three crossed i>lants, when turned out. exceeded those on 
tlie self-fertilised plants by a mere trifle, viz., on an average by 
*17 of an inch. AVheii fully grown the tliree crossed plants 
produced twenty»s’'x flower-stems ; the two tallest of which on 
each plant were on an average .Od'Od inches in height. The 
thrfe self-fertilised plants produced twenty-three flower-stems, 
th(‘ two tallest of which on each plant had an average height of 
40 'IS inclu's. So that the diiference between th^se two lots, 
which hardly competed together, is much less than in the last 
ease when there was moderately severe competitiofi, namely, as 
100 to 8.“), instead of as 101) to 70. 

Tha /\frrts on Hit OJfsjtrintj of tJ^tei'crossio^ dlffi rent Flowers on 
tilt some Plant f instead of crossinif disfhict Tralirf.dn(ds, — A fine 
plant growing in my gardem (one of the foregoing seedlings) was 
covered with a net, and six flowers were crossed with pollen from 
another flowt'r on the same plant, and six others were fertilised 
with their own pollen. All j^roduced good capsules. The seeds 
from each W('re placed in separate wakh-glassos, and no difference 
could 1)0 pcrcc'ived by the eye lootween the two lots of seeds; 
and when they were w^eighed there w’as no difference of any sig- 
nificaiKU', as the seeds from the self-fertilised capsules w^hghed 
7' 05 grains, wliilst tho.si' from the crossed cai)sules weighed 
7*7 grains. Therefore the sterility of the present species, when 
insects are excluded, is nni duo to the imi)otenco of pollen 
on the stigma of tjio same flower. Both lots of seeds and seed- 
lings were treated in exactly the same manner as in tlie])revious 
table (XXIII.), excepting that after the pairs of germinating seeds 
had been planted on the opposite sides of eight pots, all the 
remaining seeds were thickly sown on th(^ opposite sides of Pots IX. 
and X. in Tabic XXIY. The young plants during the following 
spring were turned out of their pots, without being disturbed, * 
and planted in the open ^ound in twro rows, not very close 
together, so that they were subjected to only moderately severe 
competition with ouo another. Very differently tc^ what occurred 
in the first experiment, when the plants wore subjected fo 
somewhat severe inulual competition, an equal number oji each * 
side eithe# died or did not produce flower-stems. The tallest 
flower-stems on the silrviviug plants were measured, as shown ini 
the following table 
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jV.If. 0 signifies that the Plant tiied, or did not produce a Flower- 
' sfeju. 


No. of Pot. 

Plants raised from a 
Crosi. iK'tween dif- 
fi'reiit. Flowers on the 
same Plant. 

Plants raised from 
Fliiwers fertilised 
witli theh- own Pollen. 


Inches. 

Inches. 

I. 

49J 

45 g 



52 

r 

m 

0 

til. 

38 J 

54 J 







III. 


46 5 

IV. 

324 



u 

20 7 


431 

37 


46 g 

42; 


403 

4-1 



0 

VI. 

48S 1 

475 


461 1 

48g 

VIJ. 

488 . 1 

i 2.5 


43 1 

: 40 g 

- 

.395 

VIII. 

405 i 

IX. 

49 j 

.30 g 

Crowdtnl Plants. 

505 

1,3 


40 8 

305 


47 g 

44J 



31 g 

X. j 

46J ' 

475 

Crowded Plants, j 

355 

0 

• “ I 

24 g 

.345 


41 i 

405 


17 3 

415 

Total inches, j 

1078-00 

, 995-38 
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/rhe average height of the flower-stems on the twenty-five 
crossed plants in all the pots taken together is 43*12 inches, and 
that of the twenty-f!Ve self-fertilised plants 39*82, gras 100 to 
92. In order to test this result, the plants i)lantod in i)air8 in 
Pots I. to VIII. were considered by themselves, «*ind the average 
height of the sixteen crossed jdants is here 41*9, and tiiat of the 
sixteen self-fertilised plants 42*03, or as 100 to 94. Again, the 
])lai!ts raised from the thickly sown seed in Pots IX. and X., 
whieli w(^ro subjected to very severe mutual com])ctition, were 
taken by themselves, and the average height of the nine crossed 
])laiitsis39*8G,and tliatof the nine self-fertilised plants 35*88, or 
as KK.) to ()0 ^ rile ])lants in these two latter pots (IX. and X), 
afte r being measured, were cut down close to thb ground and 
v.’ciglied : the nine crossed ])lants weighed 57*0G ounces, and 
Ih nine self-fertilised jilants 45*25 ounces, or as 100 to 78. On 
tlui whole wo may conclude, csperually from the evidence of 
weight, tlijit seedlings .rom a cro.ss between flowers on tlic same 
plant have a decided, though Jot gmii, advantage over those 
'I’oiii tlowers fcrlilisod with their own iKilleii, more especially 
m tlie case of the jilants subjected to severe mutual competition. 
But the advantage is much less than that exhibited by the 
crossed ofts[)riiig of distinct plants, for these exceeded the self- 
fort ilistd. plants in height ns 100 to 70, and in the number of 
flower-stems as 100 to 48. Digitalis thus (lifters from liwtlnoea, 
and almost certainly from IVliraulus, as with those two sjvecics 
a erdss between flowers on the same iilaiit did no good. 

• 

Catxieolaiu.v. 

A hushy (ireenhnnse variety ^ with yellow jlaarrs Uolched with purpl^. 

The flowers in this genus arc constructed so as to favour or 
almost ensure cross-fertilisation;* and Mr, Anderson remarks t 
that extreme core is necessary to exclude iii.sects in order to 
preserve any kind true. Ho adds the interesting statement, that 
when the corolla is cut quite away, insects, as far as he has seen? 
never discover or visit thejlowers. This jdant is, however, self- 
fertile if insects arc excluded. So few” cxiieriments were 
made by me, that they arc hardly worth giving. ^ Crossed and 
self-fertilised seeds were sown on opposite sides of a pot, ifud 

Hildebraivcl, ns quoted by + ‘Gardeners* Chroniohj/ 1S53, 
H. Miiller, ‘Dio iftfruchtung p, 53-1. 
dor Blumen,’ 1873, p. 277. 
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after a time the crossed scedlin^ys slip:hfly exceeded the self- 
fertilised in height. When a little further grown, the longest 
leaves ’on ^le fonner were very nearly inches in length, 
whilst- those on the self-fertilised plants w'ero only 2 indies. 
Owing to an accident, and to the iwt being too small, only one 
j)lant on each side grow up and flowered; the crossed [ilant was 
IDi inches in height, and the self-fertilised one ,15 indies; or as 
100 to 77. 


LiNAIUA VlTLGARia. 

It lias been nientionod in the introductory (‘liajjitT that two 
large beds of tliis ])lant were raised by nu‘ many years ago from 
crossed and s«lf-fcrtilised seeds^ and tliat there was a consjacn- 
ous difterenoe in height and g<ai<‘ra! ap]»earancf‘ between tlie 
two lots. Tlie trial was aftd wards rt-jK ated with nion; eare; 
blit as this w«as one of tlu- lirst ]>]ants (fXperimeiiUfd on, my 
usual method was not followed. Seeds wi-re taken from wild 
plants growing in this neighbourhood and sown in i)oorsoil in 
my garden. Five ])1aiits were covered witli a net, iho otla'rs 
being left exjioseil to tliebo(‘s, wliieb ineossanlly visit the flow(‘rs 
of this species, and whieli, according to IT. Miiller, are tlie 
exclusive fertilisers. This exivlli-nt observer remarks * that, as 
the stigma li<^s between tlie antlujrs and is mature at the same 
time witli them, self-fort ilisiition is ]>ossible. Jbit k) few seeds 
are produced by protected jilants, that the jiolhm and stigma of 
tlie same flower seem to liavc little ])ower of imitnal interaidion. 
Tlie exposed jilants boi’c^ nnnierou,^’ ca])snleK forming solid 
s]>ikes. Five of tliesc ea]>sn]es wiTe examiiKHl and a]»))eared to 
contain an eipial iiuinber of scfcils; and tlicse Vieing counted in 
one cajisiilc, wore found to be IGG.' The five jmdeidird jilants ])ro- 
duced altogether only twenty-five cajisnles, of wbicli five were 
ninch finer than all the others, and those eon tained an average of 
23 ’G seeds, witli a inaximnm in one ca])sule of fifty-five. So that 
number of seeds in the cap.sules on the exjiosed jilaiits to 
the average iinmber in the finest cajisulcs on the jirotectcd 
plants was as 100 to M. * 

Some of the sjiontaneonsly self-fertilised seeds from under 
tli^ net, and KonV* seeds from the uncovered jilants naturally 
fertilised and almost certainly intercrossed by the Ikjos, were 
sown sc*parately in two hirgi; i>ots of the same size ; set that the 


‘ Dio Bcl'nichtung,* &c. p. 279. 



chai* hi. 


VEfeHASgUM THArSUS. 


89 


two lots of wei*c iiot^subjeotcd to any mutual comjieti- 

tioii. Tliroo of tlic crossed ]>laiits when in full flower were 
measured, I»nt no «nre was taken to soloed the tajlest plants; 
tlioir were 7^, 7®, and Ci- inches; averji^ing 7*08 in 

hoif;}ii. Tlie three tallest of all the self-fertilised plants were 
then (candidly selected, and their heij;hts were G-J, 5|^, and 5®, 
uvei‘.‘it;in^" 5 ‘70 pi lun^iit. So that the naturally crossed plants 
were to the s])ontaneously self-fertilised plants in height, at 
leist as much as 100 to 81. 

A^erbasoum TiiArsus. 

The flowerj (»f this ])lant arc frequented by various insects, 
chiefly by be(‘S, for the sake of the ])ollen. H. Mflller, however, 
has shown (*I)ie Jiefru<*htung,* tS:c. p. 277) that V. iiifjrnm 
secretes minute droiis of lurtar. "The arrangement of the rc])ro- 
duclive organs, though not at all complex, favours cross-fer- 
tilisation; and ev(‘n distinct si)ccies are often crossed, for a 
gi*eat(*r number of naturally ]>roduced hybrids have been observed 
in this genus than in alrnast any other.* Nevertheless the 
present s]»ecics is perfectly self-fertile, if insects are excluded; 
fora plant iirotected by a net was as thickly loaded with fine 
capsules as th(‘ surrounding uncovered plants, ^'erhascum 
hfchhiHii is j’atlier less self-fertih*. for some protected jilants did 
not yield (piih^ so many capsules as the adjoining uncovered 
plants. 

Plants of l^ thapans had bcf'U Tais('d for a distinct i>ur])oso 
from self-fertilised seeds ; find some flowers on these plants were 
again self- fertilised, yielding s(»ed of the second self-fertilised 
g(’neration ; and other fhnvers Avere crossed with pollen from a 
distinct plant. The seeds thus produced were sown on the 
opposite sides of four large j)ots. They germinated, however, so 
irregularly (the crossinl 'scidlings generally coming up first) 
that I was able to save only six ]aiirsof crinal age. These when 
in full floAver were nuMisured, as in the folloAvitig table tXXV.). 

Wo liore see that two oj the self-fertilised plants exceed in 
hoiglit their crossed oj iponen ts. Nevertheless the aAxrage height 
of tlic six crossed ])laiits is (>5 *8-1: inches, and ^hat of the six 
self-fertilised plants 56*5 inches; or as 100 to 86. 

* I havF givgn n striking case found growing wiLl : ‘Journal of 

of a largo number of uifch liybrkls Linn. 8oc. Bot,* vol. x. p. 451. 

hetw^to V. thapsiif juul hfchnitis 
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Table XXV. 


1^0. of Pol. 

, 

Crossed Plnnts. 

, Std^'ortilised Plants 
! of the Sfcoiid (loiie- 
! ration. 


lui'lieH. 

{ Inches. 

I. 

76 

I '>H 

11. 

54 

1 06 

111. 

62 

1 

< •) 


60 i 

; -oi 

IV. i 

7:1 



66;! 

; 52 

Total ill iii(*hi‘.>. 
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Seeds were sent to mo by Mr. J. Scott from Calcutta of tins 
small Indian weed, which bears perfect and cleistoirene * flowers. 
The latter are extremely small, imperfectly dcv(‘lo|)ed, and lujver 
expand, yet yield iilcuty of seeds. The )>erfet*t and opcm 
flowers are also small, of a white colour with ])nr])le marks ; they 
generally produce seed, although the contrary has been 
asserted ; and they do so oven if protected from insccds. Tlu^y 
have a rather comj)licated structure, and appear to be atlajdod 
for cross-fertilisation, but were not cftrefully examined by me. 
They are not easj^to fertilise artificially, and jt is ])()ssibh' that 
some of the flowers which 1 thought that I had succeeded in 
crossing were afterwards spontaneously self-fertilised under the 
not. Sixteen (;ai)sules from the crossed perfect floAvers (routained 
on an average ninety-three seeds (with a maximum in one 
capsule of 137), and thirteen capsules from the self-fertilised 
* perfect flowers coiftained sixty-two seeds (with a maximum in 
one capsule of 135) ; or as 100 to But I suspect that this 
considerable excess Avas accidental, as on one occasion nine 
crossed caj)sulq«i wore compared with seven self-fertilised cap- 
sules (hotli included in the above numlier), and they contfiined 
‘almost, exactly the same average number of seed. I may add 

_ • 

4 * The convenient term of cleia^ an article on the present genua in 
iogene was proposed by Kuhn in ‘ Bot. Zeitung/ 1867, p. 65. * 
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that fifteen capsules from sel^-fcrtilised cleistogene flowers con- 
tained on an average sixty-four seeds, with a maximum in one 
of eighty-seven. 

Crossed and self-fertilised seeds from the perfect flowers, and 
other seeds from the self-fertilised cleistogene flowerj*^ were sown 
in five pots, each divided suj)erficially into three compartments. 
The scodlings jvero thinned at an early age, so that twenty 
plants were left in each of the three divisions. The crossed plants 
wlttm in full flower averaged 4*3 inches, and the self-fertilised 
plants from the ijcrfect flowers 4*27 inches in height; or as 100 
to 00. The self-fertilised plants from the cleistogene flowers 
averaged 4*()G inches in height; so tliat the crossed were in 
heiglit to these latter plants as 100 to 01. 

1 ilotermincd to compare again the growth of plants raised 
from crossed and solf-fcirtilisod i)orfect flowcTS, and obtained two 
fresh lots of seeds. Those were sown on o]>i)osite sides of five 
pots, hnt they were not suflScieutly thinned, so tliat they grew 
rather crowded. When fully growm, all those above 2 inches 
in height wore selected, all 1m*Iow this standard being rejected ; 
the former consisted of forty-seven crossed and forty-one self- 
fertilised plants ; thus a greater iinniber of the crossed than of 
the self-fertilised plants giw to a height of above 2 inches. Of 
the crossed plants, the tw’eiity-four tallest 'were on an average 
3 *6 inches in height; whilst tlic twenty-four tallest* self- 
fertilisfid j»lants wero 3 38 inches in average lieight; or as 100 
to 04. All these plants wore then cut down close to the ground, 
and the forty-seven crossoil plants w eighed 1000 ’3 gi’ains, and 
the forty-one self-fertilised plants weigluHl 88'^ 4 grains. There- 
fore an e(jual number of crossed and self-fertilised would have 
l)cen to each other in weight as 100 to 97. From these several 
facts w^o may conclude that the crossed plants had some real, 
though very slight, advantage in lieight and weight over the 
self-fertilised plants, when growm in competition with one 
another. 

The crossed i>lants were, however, inferior in fertility to the 
self-fertilised. Six of the nnest plants were selected out of the 
forty-seven crossed plants, and six out of thg forty-one self- 
fertilised plants ; and the former produced 598 capsules, whilst 
the latter or self-fertilised plants produced 752 capsulgs. All 
these capsules were the product of cleistogene flow^ers, for the' 
plants did not*bear (hiring the whole of this season any perfect 
flowels. The seeds were counted in ten cleistogene capsules 
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I)roduced by the crosstd i)]aTitR, and tlicir average number was 
40*4 per cai)sule; whilst tlie mimlx^r in ten cleistogene capsules 
produced by tlie self-fertilised ]>laiits was 49 ’-ii; or as 100 to 100. 

ITT. GESNEKIACEiE.— Gebneria pendulina. 

In Gesnoria the several parts of the flower are arranged on 
nearly the same j)lan as in Digitalis ,* and most or all of the 
species are dichogamous. Plants were raised from seed sent mo 
by Fritz Miiller from South Drazil. Seven flowers were crossed 
with pollen from a distinct plant, and produced seven capsules 
containing by weight 3*01 grains of seeds. Seven flowers on tlie 
same plants were fertilised with tlieir own pollen, and their 
seven capsules contained exactly the same weight of seeds. 
Germinating seeds were planted on opposite sides of four pots, 
and when fully grown measured to the tips of thtdr leaves. 


Table XXVI. 


No. of Cot. 

Crossed PljintB. 

Self-fortilisod Plants, 


JnchcH. 

Inclio-s. 

I. 


;;9 


a+j 

27? 

li. 

a3 

liAs 


27 

m 

111. 

31! 5 <■ I 

31 J 

i 

! 29| j 

2H? 

IV. 

30? 

29? 


36 

2C? 

Total inches. | 

25G*50 

233 -la 


The average height of the eight crossed i)lants is 32*06 inches, 
and that of the eight self-fertilised plants 29*14; or as 100 
to 90. 


"i Dr. Ogle, ‘Popular Science Review,' Jan. 1870, p. 51. 



CuAr. TIL COCCINEA. 93 

IV. LABIATiE.-“SALViA cocoinea. • 

This species, unlike most of the others in the same genus, 
yields a good many seeds when insects are excluded* I gathered 
ninety -eight capsules produticd by flowers spontaneously self- 
fertilised under a net, and they contained on an average 1*45 
seeJs, whilst flowers artificially fertilised with their own pollen, 
in which case the stigma will have received plenty of pollen, 
yigldcd on an average 8 *8 seeds, or more than twice as many. 
Twenty flowers wore crossed with pollen f]‘om a distin(*.t plant, 
and twenty-six were self-fertilised. There was no groat differenc^o 
ill the proportional number of flowers which produced capsules 
by those twof)rocosses,or in the number of the contained seeds, 
or in the weight of an equal number of seeds. 

Seeds of both kinds were sown rather thickly on ojiposite sides 
of three pots. When the seedlings >vcro about 3 inches in 
height, the crossed showed a slight advantage over the self- 
fertilised. When two-thirds growm, the two tallest plants on 
each side of each jKit were measure<l ; the crossed averaged 1G*37 
inches, and ihe self-fertilised 11*75 in height; or as 100 to 71. 
When the ] Hants 'wore fully growm and had doju) flowei'ing, tlio 
two tallest plants on each sid(5 were again measured, w'ith the 
results shown in the following table .* — 


Table XXVIL 


No. of Pot. 

Crossed riuiits. 

Sell- fertilised Plains. 


• . 



Inckos. 

^ luelies. 

l.« 


25 


20 

18S 

II. 

32? 

•20? 


2^1 

! 19? 

111. 

23 J 



1 28 

1 

1 

Total inches. 

* 107-13 

i 127-00 


* Tho admirable mechanical hy Sprengel,IIikl(}bnind,©elpiiio, 
adaptation® in this genus for H. Miiller, Ogle, and otiiors, in 
favouring or eiisuriiia: ^ross-ferti- their several works, 
lisatitu, have been fiSy described 
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It may be hero seen that each of the six tallest crossed plants 
exceeds in height its self-fertilised op 2 )onent; the former 
averaged 27*85 inches, whilst the six tallest ^elf-fertilised i)lants 
averaged 21 ^16 inches ; or as 100 to 76. In all three pots the 
first plant which flowered was a crossed one. All the crossed 
plants together produced 4.09 flowers, whilst all the self-fertilised 
together lu’oduccd only 232 flowers ; or as 100 to 57. So that 
the crossed ])lants in this res 2 )ect Avere far more productive than 
the self-fertilised. 

I 

OjtIGANUM VULGARE. 

Tliis 2 )lant exists, according to H. MUllcr, under two forms ; 
one licrmaiflirodite and strongly ])rotcrandrous, ^o that it is 
almost certain to be fertilised by 2 )ollen from anotluT flower : 
the other form is exclusively flauale, has a smaller coiolla, and 
must of course bo fertilised by j)ollen from a distinct 2 )laiit 
ill ord(ir to yi(4d any seeds. The plants on Avhich I cx])eri- 
raented were herma 2 >hrodites ; they had been eulth^atcid for a 
long 2 )eriod as a ])ot-herl) in my kitchen gardcni, and were, like* 
so many long-cultivated 2>lants, extremely ste^rile. As I felt, 
doubtful about the s])ecitic iiam(3 I sent s 2 )c'.(;iniens to Kew, and 
Avas assured that the sjiecios Avas 0. vvlyarc. My ])lants formed 
one gixiat clum2), Jind had eAidently S2)refid from a single root 
by stolons. In a strict sense, tlujrefore, they all belonged to the 
same individual. My object in experimenting on th(;m Avas, 
firstly, to ascertain Avhe.ther crossing floAvc‘j*s borne by 2>lants 
having distinct roots, but all derived ,as(3xually from the same 
individual, would be in any res 2 Kict more advantageous than 
self-fertilisation ; and, secondly, to raise for future trial seedlings 
which Avould constitute really distinct individuals. Several 
plants in tlui above clump were covered by a net, and about two 
dozen seeds (many of which, howcAXT, Avere small and withered) 
Avere obtained from the floAvers tlius s2)ontancously self-fertilised. 
JTlie remaiiuler of the 2)laiits were left uncovered and Avere in- 
cessantly visited by bees, so that they Avere doubtless crossed 
by tlicm. These exposed plants yielded rather more and finer 
seed (but still very Icav) than did tlie covered 2 >lants. The two 
lots of seeds thus obtained were soAvn on op])osite sides of two 
2 )ots ; the seedlings were carefully observed from their first 
growth"' to maturity, but they did not differ at any period in 
height or in vigour, the importance of which latter observation 
we shall presently sec. When fully groAvn, the tallest crossed 
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[)Iant in one pot was a very little taller than the tallest self- 
fertilised plant on the oi)posite side, and in the other j)ot 
exactly the reverse^occurred. So that the two lots were in fact 
equal ; and a cross of this kind did no more good tlian crossing 
two flowers on the same plant of Ipomoea or Mimnlns. 

The plants were tni’iied out of the two pots witlumt being 
disturbed and ]danted in the open ground, in order that they 
might grow inofe vigorously. In the following summer fill the 
sc^-fertiliscfl find some of the quasi-crossed j)lants were covered 
by a net. Many flowers on the latter were crossed by me with 
pollen from a distinct plant, and others were left to be crossed 
by the bees. Those quasi-iirossed ]>lants producefl rather more 
scHid than did the original ones in the gi‘C{it clump when left 
to the action of the bees. Mfiny flowers on the sclt-fcrtilised 
])lants were artificifilly self-fertilised, and others were fillowed 
to fertilise themselviis spontaneously under the net, but they 
yielded altogether very t\iw seeds. These two lots of seeds — 
the product of fi cross Ifctwi^en distinct seedlings, instead of as 
ill the last case between jdants multiidied by stolons, and the 
])rodu(!t of self-fertilised flowers— were allowed to germinate on 
bare sand, and several ccpial ])airs were iilantod on opi^osite 
sides of t^\<) /ar(/e jiots. At a very early age the crossed 
])laiits showc‘d some sujforiority over the self-fertilised, wliich 
was ever fiftorwards retained. JVJicii the idaiits were •fully 
grown, the two tallest crossed find the two tallest self-fertilised 
])lanls in each ])ot were measured, as sliowu iu the following 
table. J ri'gret that from^wfint (ff time I did not measure all 
the jiairs; but tlic tallest on cficli side seemed fairly to represent 
the average diffo^mco between tlie two lots. 

Tablk XXVIII. 


No. of Pot, 


I. 


CroKi*(;d PlautR (two 
tallcKt in each pot). 


Self-fertilised Plants 
I (two tallest iu each 
! pot). 


Inches. I iiicbos. 

20 ! 24 

21 I 21 


II. 1 17 ! 12 

! 16 1 11 ^ 


80*0 I G8-5 


Tota> inchcsi^ 
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Tlic avcrajj:o height of the crossed plants’ is hero 20 inches, and 
that of the self-fertilised 17*12; or as 100 to 8G. But tliis excess 
of h()ight hy no niearis giv(»s a fair idea of the vast suj)oriority in 
vigour of the crossed over the self-fertilised plants. The crossed 
floweretl first and ])rodaced thirty flower-stems, whilst the self- 
fertilised ])rodiicod only fiftetni, or half the immher. The pots 
were then bedded out, and the roots probably came out of the 
holes at the bottom and thus aided their growth. Early in the 
following summer tlui sni>tu*iority of the crossed i>lants, owing 
to their increase by stolons, over the self-fertilised jflants was 
truly wonderful. In Pot T., and it should be remembered that 
very lai’ge j)ots had been used, the oval elimij) of crossed j)laiits 
was 10 by 4i- inches across, with the tallest stem, its yet young, 
Sj inches in hei gilt ; whilst the clumi) of self-fertilised iilants, 
on the oiiposite side of the same ])ot, was only by 2i inches 
across, with the tallest young shun 4 inches in lu'ight.' In Pot 
II., the clump of crosse<l idants was 18 by 9 inches across, with 
the tallest young stem inches in height; whilst the clump of 
self-fertilised ])lants on the opiKisite side of the same pot was 12 
by 4i inches ai'ross, with tlie hillcst young stem 6 inches in 
height. The crossed jilauts during this season, as during the 
last, flowered iirst. Both the crossed and self-fertilised plants 
being left freely exposed to the visits of bees, manifestly ].)rodiiced 
much more seed than their grand-] larents, — the jilants of the 
original clump still growing close by in the saim* gardcui, and 
equally left to the action of the bc^es. 


V. ACAKTllACEiE. — TiiujfBEiioiA alata. 

a 

It ajijicars from Hildebrand’s dcscrijition (‘ Bot. Zeitnng,’ 1867, 
]). 285) that the consi>icu(ms flowers of this ])lant are ada^ited 
for cross-fertilisation. Siiedlings were twice raiK(3d from pur- 
cliasiid seed; but during the early summer, whcji lirst cxj)e- 
j^dmoiited on, they were extreim^ly sterile, many of the anthers 
containing hardly any pollen. Nevertheless, during th(3 autumn 
tliese same jilants spontaneously pr(5duced a good many seeds. 
Twenty-six flowers during the two years were crossed with 
pollen from a ' distinct jdant, but they yielded only eleven 
capsules; and these contaiued very few scjods! Twcmty-eiglit 
flowers' wore fertilised with pollen from the same flower, and 
these yielded only ten ca]>8ules, wliich,*liowcvor, contained 
rather more seed than the crossed capsules. Eight pai”s of 
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r 

germinating seeds were planted on opposite sides of five i)ots ; 
and exactly half the crossed and half the self-fertilised plants 
exceeded their oppc^nents in height. Two of the ^lf*fertilised 
plants died young, before they were measured, and their crossed 
opponents were thrown away. The six remaining pairs grew 
very uno(iually, some, l)otli of the crossed and self-fertilised 
jDlants, iKjing more than twice as tall as the others. The average 
height of the crossed plants was GO inches, and that of the self- 
fer^lised plants G5 inches, or as 100 to 108.* A cross, therefore, 
lieftween distinct individuals here appears to do.no good; but 
this result deduced from so few plants in a very sterile condition 
and growing very unequally, obviously cannot be trusted. 


H 
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BKASSICA OMRACEA. 


Chai^ IV. 


CHAPTER JV. 

CjilClFER!!-:, rAl AVEKACEiE, Il*ESEl>ACEA:, ETC. 

BraHsica oleracea, crossed and self-fertilised plants — Great etfoci of a 
cross witli’ a fresh stock on the weif^ht of the offs])ring — Iljeris 
uiiibellata — Papaver vugum — Ksehscholtzia californica, seedlings 
frojii a cross with a fresh stock not more vigorous, hut more 
fertile tluin the self-fertilised seedlings — Ih^sedalutea and odorata, 
mail}* individuals sterile with their own polhn — Yiida tricolor, 
wonderful eflects of acnjss — Adonis lestivalis — Delphinium eonsfdida 
— Viscaria oculata, crossed plants hardly taller, hut more fertile than 
tlie self-fertilised — Dianthus caryophyllus, crossed and self- fertilised 
plants compared for four generations — (lieat ell’ects of a cross with 
a fr(‘.slj stock — Uniform colour of the llowers on the self-fertilised 
])lants — Hibiscus africanus. 

VI. CIJlXIFEPiE.— B passica olekacea. 

Vor. CutUlV» Early Harues Cahharfe. 

The flowers of the coininon cabbage are adajded, as sliowii by 
H. IMiiller,* for cross-fertilisation, and should this fail, foi* self- 
fertilisation. It is well know’n iliat the varieties arc crossed so 
largely by insects, that it is injpossible to raise pure kinds in the 
same garden, if more than one kind is in flowtr at the same time. 
Cabbages, in one respect, w^ere not well fitted for my exi)ermients, 
a,s, after they had formed heads, they were often difficult to mea- 
sure;. The flowcr-stenis also differ much in height ; and a poor 
plant will sometimes throw nj) a higher stem than that of a fine 
t jdaiit. Ill the later exi)erimeijts, the fully-grown jdant swore cut 
down aud weighed, and then the immense advantage from a 
cross Iiecame manifest. * 

A single plant of the above variety was covered with a net 
jyast before flowering, and was crossed with pollen from another 
. plant of the same variety gi’owing close by ; and the seven caj)- 
sulcs'thus produced contained on an average 16*3 seeds, with a 


‘Die Befruchtung,* &c. p. 1519. 
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maximum of twenty in one capsule. Some flowers werf) arti- 
ficially self-fertilised, but their capsules did not contain so many 
seeds as those fr«m flowers spontaneously self-f(ytiliscd under 
the net, of which a considerable number were produced. Fourteen 
of these latter capsules contained on an average 4*1 seeds, with 
a maximum in one of ten seeds ; so that the seeds in the crossed 
capsules werci vi number to those in the self-fertilised cajisulesas 
100 to 25. The self-fertilised seeds, fifty-eight of wliich wcn’ghed 
Sl»88 grains, were, however, a little finer than those from the 
crossed capsules, fifty-eight of which weighed 3 * 76 grains. Wlum 
few seeds are produced, these seem often to be l^;ttor nourished 
find to be heavier thahi when many are produced. 

The two fots of seeds in an equal state of germination W(ir(j 
planted, some on opposite sides of a single ])ot, and some in thci 
open ground. The young crossed plants in the pot at first ex- 
ceeded by a little in height the self-fertilised ; then equalled tlieni ; 
were tlieii beaten,; and histly were again victorious. The plants, 
without being disturlied, were turned out of the i)ot,and iilanted 
in the open ground; and after growing for some time, the 
crossed }>lants, which w(n'e all of nearly the same height, exceeded 
the self-fertilised ones bj’ 2 inches. Wlien they flowered, the 
flower-steins of the tallest crossed plant exceeded that of tho 
tallest sclf-ferii list’d ])Iant by 6 inches. The other seedlings 
which were planted in tho open ground stood se])arate, s^o tliat 
they did not comixde with one another; nevertheless the crossed 
plants certainly grt;w to a ratht'r greater lu'ight than the si'K-fer- 
tilised; hut no measurements Averc made. The crossed ]>lants 
which had been raised in the pot, and those planted in the open 
ground, all flowered a little before tho self-fertilised plants. 

Crossed and 8tl/\f<irtilised. Plants of the Second Generation, — Some 
flowers on the crossed i)laiits of the last generation were again 
crossed with pollen from another crossed plant, and produced 
fine capsules. The flowers on the self-fertilised plants of tho 
last generation were allowe'd to fertilise themselves sjiontancousl?^ 
under a net, and they produced some remarkably line capsules. 
The two lots of seeds thus produced germinated on sand, and 
eight pairs were planted on o]>i)ositc sides of ^our pots. Tlujso 
plants were measured to the tips of their leaves on •tlio 
20th of October of the same year, and the eight crossqj:! plants 
averagedtin height 8*4 inches, whilst the self-fertilised averaged 
8*53 inches, so that'tho crossed were a little inferior in bciglit, 
as IfK) to 101*5. By the 5th of June of the following year these 
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plants had grown much bulkier, and had begun to form 
heads. The crossed had now acquired a marked superiority 
in general appearance, and averaged 8*02i,mches in height, 
whilst the self-fertilised averaged 7*31 inches; or as 100 to 91. 
The plants were then turned out of their pots and planted 
undisturbed in tlio open ground. By the 6tli of August their 
heads wore fully formed, but several had grown so crooked that 
their heights could hardly be measured with accuracy. The 
crossed plants, however, were on the whole considerably taU>.r 
than the self-fertilised. In the following year they flowered ; the 
crossed plants, flowering Ixjfore the self-fertilised in three of the 
pots, and at the same time in Pot II. The flower-stems w^ere 
now measured, as shown in Table XXIX. 

Table XXIX. 

Measured to tops of Flowtr-sicms ; 0 signifies that a Flower-stem. 

was not formed. 


No. of Pot. 

CrosRcd Plants. 

Self-fertilised Plants. 


Inches. 

Inches. 

I. 

49 H 

44 



41 

11. 

37 ^ 

38 


33it 

35 j 

III. 

47 

51 J 


40 

41 § 


[ 42 ' 

46 J 

IV. 


*‘202 


371 

33 S 


0 

0 

Total in inches. 


351 *00 


The nine flower-stems on the crossed plants here average 41 *08 
inches, and the nine on the self-fertilised plants 39 inches in 
height, or as 100 to 95. But this small difference, which, more- 
over, depended almost wholly on one of the self-fertilised plants 
being only 20 inches high, does not in the least show the vast 
superiority of the crossed over the self-fertilised plants. Both 
^pts, including the two plants in Pot IV., which did not 
flower, were now cut down close to tMP^ound and weighedi but 
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thoso in Pot 11. were excluded, for they had been accidentally 
injured by a fall during transplantation, and one was almost 
killed. The eight«crossed plants weighed 219 ounces, whilst the 
eight self-fertilised jdants weighed only 82 ounces, or as 100 to 37 ; 
so that the su]:)oriority of the tbriner over the latter in weight was 
great. 

The Effects iff a Cross with a fresh Stock, — Some flowers on a 
crossed i)laiit of the last or second generation were flirtilised, 
^\#thout being castrated, by pollen taken from a plant of th(,‘ 
same variety, but not related to ray plants, and brought from a 
nursery garden (whence my s(^cds originally came^) having a dif- 
ferent soil ai^d aspect. The flowers on the self-fertilised plants 
of the last or second generation (Tables XXTX.) were allowed to 
fertilise themselves s])ontaneously under a net, and yielded 
plenty of seeds. Those latter and the crossed seeds, after germi- 
nating on sand, were planted in pairs on the op])Osite sides 
of six large pots, which were kept at first in a cool greenhouse. 
Early in January their heights were measured to the tips of their 
leaves. The thirhjcn crossed plants averaged 13*16 inches in 
height, and the twelve (for one had died) sclt-fortiliscd plants 
averaged 18*7 inches, or as 100 to 104; so that the self-fertilised 
plants exceeded by a little the crossed plants. 

Table XXX. 


Weight of Plants after they had formed J leads. 


No. of Put. 

l-„Uci. of fn*h SfHjk. 

I. 

Ounces. 

130 

Ounces. 

183 

If. 

li 

343 

HI. 

121 

173 

IV. 

* 1273 

14 

V. 

90 

•113 

VI. 

A 

lOG} 

46 • 

Total in ounces. 

649-00 

V 

142-2.5 
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Early in the sjjriug tlie plants were gradually hardened, and 
turned out of their pots into the open ground without being 
disturbed, liy the end of August the greater number had 
fornuid.iiiie heads, but several grew extremely crooked, from 
having been drawn uj) to the light whilst in the greenhouse. 
As it w’as scarcely possible to measure their heights, the finest 
plant on each side of each pot was cut down close to the ground 
and weighed. In the lueceding table we have the result. 

The six finest crossed jdants average 108*16 ounces, wlrilpd 
the six finest self-fertilised plants average only 23*7 ounces, or 
as 100 to 22. rThis difierence shows in the clearest manner the 
enormous benefit which these plants derived from a cross with 
another ])laiit belonging to the same sub-vari(ity, but to a fresh 
stock, and gi*owii during at least the three previous generations 
under somewhat different conditions.- 

The Offspring from a cuUleaved, curled^ and variegated white-- 
green Cabbage crossed v ith a cut-leaved, curled, and variegated 
crimson-green Cabbage, compared with the self-ftrtili>cd Offspring 
from the two Varltties, — These trials wore made, not for the 
sake of comparing the growth of the crossed and self-fertilised 
seedlings, but because I had seen it stated that these varieties 
would not naturally intercross when growing uncovered and 
near one another. This statement proved quite erroneous ; but 
the wliite-greeii variety was in some degree sterile in my garden, 
l)roducing little pollen and few seeds. It was therefore no 
Avonder that seedlings raised from the self-fertilised flowers of this 
variety wore greatly exceeded in hciglibby seedlings from a cross 
between it and the more vigorous crimson-green variety ; and 
nothing more need bo said about this experiment. 

The seedlings from the recii)rocal cross, that is, from the crim- 
son-green variety fertilised with pollen from thofr white-green 
variety, offer a somewhat more curious case. A few of these 
crossed seedlings reverted to a pure green variety with their 
/caves less cut and curled, so that they w'ere altogether in a much 
more natural state, and these plants grew more vigorously and 
taller than any of the others. Now i{ is a strange faict that a 
much larger nujnber of the self-fertilised seedlings from the 
criRison-greeii variety than of the crossed seedlings thus reverted ; 
ahd as % consequence the self-fertilised seedlings grew taller by 
2^ inches on an average than the crossed seedlings, with which 
tfhey were put into competition. At first. However, the crossed 
seedlings exceeded the self-fertilised by an average of a qufiSrter 
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of an inch. We thus see that reversion to a more natural con- 
<lition acted more powerfully in favouring the ultimate growth 
of these ijlants thiyi did across; but it should he yeinem he red 
that the cross was with a semi-sterile variety having a feeble* 
constitution. 


Iberis umbellata. 

Tar. Kermeaiana. 

Tin's variety produced plenty of spontaneously self-fertilised 
seed under a net. Other plants in pots in tbe greenhouse were 
left uncovered, and as I saw small flies visiting the flowers, it 
seemed i)robaWo that they would he intercrossed. Consequently 
seeds supposed to have been thus crossiid and si)ontancously self- 
fertilised seeds were sown on opiK)site sides of a pot. Thc^ 
self-fertilised seedlings grew from the first quicker than the 
su))posed crossed seedlings, and whim both lots were in full 
flower the former were from 5 to G inches higher than the crossed ! 

I record in my notes that the self-fertilised seeds from which 
these self-fertilised plants \vere raised wore not so well riix‘ned 
as the crossed; and this may possibly have caused the great 
difference in their growdh, in a somewhat analogous maniun* 
as occurred with the self-fertilised plants of tlui eighth generation 
of Iponioea raised from unhealthy parents. * It is a eiwious 
circumstance, that two otluu’ lots of the above seeds were 
sown in pure sand mixed with burnt earth, and therefore with- 
out any organic inattqjr; and hero the sui>poscd crosse-d 
seedlings grew to double the height of tile s(ilf-fertilised, before 
both lots died, as*iiecessarily occurred at an early period. We 
shall hereafter meet with another case apparently analogous 
to this of Iber^is in the third generation of Petunia. 

The above self-fertilised plants were allowed to fertilise them- 
selves again under a net, yielding self-fertilised jflaiits of the 
second generation, and the supposed crossed plants Avere crossedi 
by pollen of a distinct plant ; but from want of time this was done 
in a careless manner, namdly, by smearing one head of expanded 
flowers over another. I should havo thought that this would 
have succeeded, and perhaps it did so; but 1.he fact of 
of the self-fertilised seeds weighing 4 ‘87 grains, whilst the same 
number of the supposed crossed seeds weighed only 3 *57* grains, 
does not look like it. • Five seedlings from each lot of seeds wer^ 
raised, and the self-fertilised plants, when fully grown, exceeded 
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in average height by a trifle (viz. *4 of an inch) the five probably 
crossed plants. I have thought it right to give this case and the 
last, because had the supposed crossed plaints proved superior 
to the self-fertilised in height, I should have assumed without 
doubt that the former had really been crossed. As it is, I do not 
know what to conclude. 

B^ing imich surprised at the two foregoing trials, I deter- 
mined to make another, in which there should be no doubt about 
the crossing. I therefore fertilised with great care (bui^'as 
usual without castration) twenty-four flowers on the supi)osed 
crossed plants of the last generation with pollen from distinct 
plants, and thus obtained twenty-one capsules. The self-fertilistxl 
iflants of the last generation were allowed to fertilise themselves 
again under a net, and the seedlings reared from these seeds 
formed tiie third self-fertilised generation. Both lots of seeds, 
after germinating on bare sand, were planted in pairs on 
the opposite sides of two i)ots. All the remaining seeds were 
sown crowded on opposite sides of a third ]iot ; but as all the 
self-fertilised seedlings in this latter i)ot died before they grew 
to any considerable height, they were not measured. The 
l)lants in Pots I. and II. were measured when between 7 and 
8 inches in height, and the crossed exceeded the self- fertilised 
in average height by 1 • 57 inches. When fully grown they were 
again measured to the summits of their flower-heads, with thc^ 
following result : — 

Table XXXI. 



Crossed Plants. 

4 

S« If-lorcilispd Plants 

No, of Pot. 

of thu Third Goiit;- 
rutioii. 


Inches. 

Inches. 

r. 

18 

19 


21 

21 


m 

10 1 

II. 

19 

! 16 s 


18i 

71 


17 f 



21 J 

m 

,, Total iu inches. 

153*88 

114-75 

9* 


The average height of the seven crossed plants is here 
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inches, and that of the seven self-fertilised plants 16*39, or as 
100 to 86. But as the plants on the self-fertilised side grew 
very unequally, thi!V*ati() cannot be fully trusted, and^s probably 
too high. In both ]iots a crossed plant flowered before any one 
of the self-fertilised. These iflants were left uncovered in the 
greenhouse; but from being too much crowded they were not 
very productive.. The seeds from all seven plants of both Jots 
were counted; the crossed produced 206, and the self-fertilised 
154il or as 100 to 75. 

Cross hij a fresh From the doubts caused by the two ' 

first trials, in which it was not known with certjjinty that the 
plants had been crossed; and from the crossed plants in the 
last experiment having been ]nit into competition with plants 
self-fertilised for three generations, which moreover grew very 
unequally, I resolved to repeat the trial on a larger scale, and 
in a rather different manner. I obtained seeds of the same 
crimson variety of 7 . umbellatu from another nursery garden, 
and raised plants from them. Some of those plants were allowed 
to fertilise themselves spontaneously under a net ; others were 
crossed by pollen taken from plants raised from seed sent me by 
Dr. Durandofrom Algiers, wliere the parent-plants had been cul- 
tivated for some generations. Tbese latter plants differed in hav- 
i]ig i)ale pink instead of crimson flowers, but in no other respect. 
That the cross had been effective (though the flowers on the (S'im- 
son motlier-plant had not been castrated) was well shown when the 
thirty crossed seedlings flowered, for twenty-four of them produced 
pale pink flowers, exactly like those of tlnur father ; the six others 
having crimson flower’s exactly like those of their mother 
and like those of all the self-fertilised seedlings. This case 
offers a good instance of a result which not rarely follows 
from crossing varieties having diffei’ently coloured flowers; 
iiainely, that the colours do not blend, but resemble perfectly those 
either of the father or mother plant. The seeds of both lots, 
after germinating on sand, were planted on opposite sides of* 
eight pots. When fully grown, the plants were measured to 
the summits of the flower^heads, as shown in the following 
table : — 
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having died) 15 * 51, or as 100 to 80. I am surprised that the 
difference did not prove somcwliat greater, considering that in 
the last exi.)criment it^was as 100 to 86; but this latter ratio, as 
before explained, was probably too great. In should, however, 
be observed that in the last experiment (Table XXXT.), the 
crossed plants competed witli j)lauts of the third self-fertilised 
eneration; whils^ in the present case, plants derived from^a 
cross with a fresh stock competed with self-fertilised j^lants of 
tlie l%st generation. 

The crossed jilants in the present case, as in the last, were 
more fertile than the self-fertilised, botli lots beii^ left un- 
covered in the greenhouse. The thirty crossed plants produced 
108 seed-beariiffe flower-heads, as wtill as some heads which 
yielded no seeds; whereas the twenty-nine self-fertilised plants 
produced only 81 seed-bearing heads; therefore thirty such 
plants would have produced 83*7 heads. We thus get the 
ratio of 100 to 81, for the nunil)er of seed-bearing flower-heads 
produced by the crossed and self-fertilised plants. Moreover, a 
ipimber of seed-bearing heads from the crossed ])lants, com- 
pared with the same number from the s(5lf-fi^rtilised, yielded 
secids by weight, in the ratio of 100 to 0*2. Combining these 
two elements, viz., the number of soed-bearing heads and the 
weight of seeds in each head, the productiveness of the crossed 
to the self-fertilised plants was as 100 to 75. • 

The crossed and self-fertilised seeds, which nmiained after 
the above ])airs had been planted, (some in a state of germina- 
tion and some not so), wer^j sown early in the year out of doors 
in two rows. Many o/ the self-fertilised seedlings suffered 
greatly, and a muSli larger numlx)!* of them lua'ishcd than of 
the crossed. In the autuimi the surviving self-fertilised plants 
were plainly less well-grown than the crossed plants, 

VII. PAPAVEHACE-li. — Papaveu vagum. 

A 8uh-fi2)ec'ie8 of F. duhium, from the south of France. 

The poppy does not secreflb nectar, but the flowers are highly 
r^onspicuous and are visited by many pollen-collecting bees, 
flies and beetles. The anthers shed their pollen fery early, and 
in the case of P. rhoeas, it falls on the circumference of the 
radiating stigmas, so that this species must often be sel^ferti- 
lised; but with P. dmbium the same result does not follow 
(according to H. Muller, ' Die Befruchtung,' p. 128), owing to 
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the shortness of the stamens, unless the flower liappens to stand 
inclined. Tlie present species, therefore, does not seem so well 
fitted for self-fertilisation as most of the ()thers. Nevertheless 
I\ produced plenty of capsules in my garden when insects 

were excluded, but only late in the season. I may here add that 
1\ somuiftrum produces an abundance of sj)ontancously self- 
fertilised cai)sules, as Professor H. Hoffmann, likewise found to 
be the case.* Some specitis of Pai>aver cross freely when growing 
in the same garden, as I have known to be the cascw'MiP. 
hraettatum and orienlale. 

Plants of Papaoer vaxjum were raised from seeds sent me from 
Antibes through the kindness of Dr. Eornet. Some little time 
after the flowers had exj)andod, several wei’e fertilised with 
their own pollen, and others (not castrated) with pollen from a 
distinct individual ; but I have rc^ason to believe, from observa- 
tions subsequently made, that these flowers had been already 
fertilised by their own pollen, as this process seems to take placo 
soon after their expansion. f I raised, however, a few seedlings 
of both lots, iuid the self-fertilised rather exceeded the crosseii 
plants in height. 

Early in the following year I acted differently, and fertilised 
seven flowers, very soon after their cx])ansion, with pollen from 
another plant, and obtained six capsules. From counting the 
seeds in a medium-sized one, I estimated that the average 
number in each was at least 120. Four out of twelve capsules, 
spontaneously self-fertilised at the same time, w^ere found to 
contain no good see5s ; and the remaining eight contained on 
an average C’G seeds i)er capsule. But it should be observed 
that later in the season the same j)]ants ])roduoed under a net 
plenty of very fine spontaneously self-fertilised capsules. 

The above two lots of seeds, after geiminating on sand, ivere 
planted in pairs on opposite sides of five pots. The two lots of 
seedlings, wlien half an inch in height, and again when 6 inches 
high, were measured to the tips of their leaves, but presentfed 

♦ ‘ Zur Speciesfrage,* 1875, p. 53. dune “ on the second day, or even 

t Mr. J. Scott found (‘lleijort a few hours after the expansioi* 
on tlie Experipaental Culture of of the flower on the first day, a 
the Opium Poppy :* Calcutta, 1874, partial fertilisation had already 

p. 47), in the case of sow- been effected, and a few good 

nifer&n^ that if he cut away the seeds were almost invariably pro- 
stigmatic surface before the duced.**^ This proves at how early 
flower had expanded, no seeds a period fertilisation takes place, 
were produced; but if this was ' 
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no difference. When fully grown, the flower-stalks were 
measured to the summits of the seed capsules, with the follow- 
ing result ; — 


Table XXXIIL 
Pa'paver va(jum» 


• 



No. of Pot. 

Ci'oKHcd Plante. 

Self-fertilised Plants. 


Jiichre. 

Inches. 

I. 

Ii4i 

21 


30 

263 



16 • 



153 


22 

20J 


191 

14i 


218 

16| 

in. 

208 

198 


20J ! 

138 


208 j 

18 

• 

IV. 

258 i 

238 


248 ! 

23 

V. 

20 

188 


27 J 

27 

i 

10 

218 

Total in inches. 

328-75 

, 293-13 

1 

• 



The fifteen crossdtl j^lauts hero average 21 • 91 inches, and the 
fifteen self-fertilised plants 19*04 inches in height, or as 100 to 
89, » These plants did not differ in fertility, as far as could be 
judged by the number of cai>sules produced, for there were 
seventy-five on the crossed side and seventy-four on the self- 
fertilised side. 


EsCHSOHOL’ftSIA CALIFOBNICA. 

This plant is remarkable from the crossed seedlings not ex- 
ceeding in height or vigour the self-fertilised. Tin the otheii 
hand, a cross greatly increases the productiveness of the flowers 
on the parent-plant, and is indeed sometimes necessary in order 
that they should produce any seed; moreover, plants thus 
derived* are themselves much more fertile than those raised from 
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self-fertilised flowers; so that the whole advantage of a cross is 
confined to tho reproductive system. It will be necessary for 
me to gi-^e this singular case in consideral^lc detail. 

Twelve flowers on some plants in my flower-garden were 
fertilised with i)olleii from distinct iflants, and produced twelve 
capsules; but one of these contained no good seed. The seeds 
of the eleven good capsules weighed 17*4, grains. Eighteen 
flowers on the same plants Vere fertilised with their own ixfllen 
and produced twelve good capsules, which contained nl 3* (11 
grains wciglit of seed. Therefore an e(iual numl)er of ci’osscd 
and self-fertilised capsules W'ould have yielded seed by weight 
as 100 to 71.* If we take into account the fact that a much 
greater proj^ortion of flcjwers ])roduced ca]^sulhs wdien crossed 
than when seU'-fcriiliscd, the relative fejiility of tlic crossed to 
tho self-fertilised flowers was as 100 to 52. Nevertheless these 
jflants, whilst still protected by the net, R])ontancousiy produced 
a considerable number of self-fertilised cai)sulcs. 

The seeds of the two lots after germinating on sand w’ca’c 
))lanto(l in pairs on tho o])])ositc sides of four large ])ots. A1 
first there was no difi’crc'iice in their growth, but ultimately 
the crossed seedlings excHJoded the self-f(jrtiliscd considerably in 
height, as shown in the following Table. But 1 Ixjlievc from 


Table XXXIV. 
EficltscholUkt ccUifom ica. 


Xo. of Pot. 

! Crossca Plants. 

i a 

Sclf-fertilisod Plants. 


j . . 4_- 

j Jnebos. 

Inches. 

J. 

j 

25 

11. 

i 

05 

III. 

j 29 

27J 

IV. 

i 22 

15 

Total in inches. 

1 U8-:5 

j 102-25 


t» * Prof. Hiklebrancl experi- averoge eighty-five seeds, whilst 
merited on plants in Germany on fourteen capsules from self-ferti- 
a larger scale than I did, and lised flowers contained on an 

found them much more self-sterile. average only nine seeds ; that is, 

Eighteen capsules, produced by as 100 to 11: ‘ Jahrb, fiir Wisseii. 

cross-fertilisation, contained on an Botanik.’ B. vii. p. 407.' 
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the cases which follow that this result was accidental, owing to 
only a few plants having been measured, and to one of the 
self-fertilised jdants having grown only to a height of 15 inches. 
The ])lants had been ke])t in the greenhouse, and from being 
drawn up to the light had to l>e tied to sticks in this and the 
following trials. They were measured to the summits of their 
flower-stems. ' ^ 

The four crovssed plants here average 29*G8 inches, and the 
foui| self-fertilised 25 '50 in height; or as 100 to 8C. The 
remaining seeds were sown in a large pot in which a Cineraria 
had long been growing; and in this case again the^ two crossed 
l)hiiits on the one side greatly exceedol in height the two self- 
fertilised i)lanfc^ on the o])posite side. The plants in the above 
four potfl from liaving been ke])t in the greenhouse did not 
produce on this or any other similar occasion many capsules ; 
but the ilowers on tlie crossed jdaiits when again crossed were 
lunch more productive than the flowers on the sel fertilised 
plants when again self-fertilised. These plants after seeding 
win*e cut down and kept in the greenhouse; and in the 
following yiiar, when grown again, their relative heights w^re 
r(jvers(}(l, as the self-fertilisc;d plants in three out of the four 
pots were now taller than and flo^\ered before the crossed 
])lai)ts. 

(Jros^id and Helfiferfi/is'd PIntds o/* Stcond Gentrutmi . — iTlie 
fact jnst given with respect to the growth of the cut-down 
])laiits niad(; me doubtful about my first trial, so I determined 
to niak(3 another on a larg^’ scale with crossed and self-fertilised 
s(H!(lliiigs raised from the crossed and self-fertilised plants of 
the last geiieratiAi. Eleven jiahs were raised aiul grown in 
t^oiupetitioii ill the usual manner; and now the result 'was 
different, for the two lots were nearly equal during their whole 
growth. It would tlnn’ctbrc be supei'fluoiis to give a table of 
their heights. 'When fully grown and measured, the crossed 
averaged 82*47, and the self-fertilised 32*81 inches in height; 
or as 100 to 101. Tluire was no great difference in the number 
of flowers and capsules piAluced by the two lots^ 'when both 
were left freely exposed to the visits of insects. 

Plants raised from Brazil iau Fritz MiillSr sent me frtgn 

South Brazil seeds of ])lants which were there absolutely 
sterile when fertilised with ]x>llen from the same plaift, but 
W( 2 re jiorfcctly fcrtilcf when fertilised with pollen from anyi 
other •plant. The iilaiits raised by me in England from tlu'se 
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seeds were examined by Professor Asa Gray, and pronounced 
to belong to A’, californica, with which they were identical in 
general aijpearance. Two of these plants, were covered by a 
net, and, were found not to be so completely self- sterile as in 
Brazil. But I shall recur to this subject in another part of 
this work. Here it will suffice to state that eight flowers on 
these two plants, fertilised with pollen frqih another plant 
under the net, produced eight fine caj)sulcs, each containing on 
an average alout eighty seeds. Eight flowers on these ^ame 
plants, fertilised with their own pollen, produced seven capsules, 
which contayied on an average only twcilve seeds, with a maxi- 
mum in one of sixteen seeds. Therefore ihe cross-fertilised 
capsules, compared with the self-fertilised, yielded seeds in the 
ratio of about KX) to 15. These plants of Brazilian jiarentage 
differed also in a marked manner from the English plan in 
producing extr(3mely few sponUneously solf-fcrtilisr ’ cs 

under a net. 

Crossed and self-fertilised seeds from the aT)Ove jilan* Ater 
germinating on bare sand, were planted in | .iVa on the i ^osite 
sides of five large jiots. Tlic seedlings tlni ' raised wt;< the 
grandchildren of the plants which gj*ew in Brazil ; the parents 
having been grown in England. As the graud])aiv ds in 
Brazil absolutely require (Jims-fertilisation in orden* i yield 
any seeds, I expected that self-fertilisation would have ’ 
very injurious to these seedlings, and that the ci’ossoi nes 
would have been greatly superior in height a? vige *• V) 
those raised from self-fertilised fliAvers. Lut the alt showd 
that my antieijiatiou was erroneous; for as in the Iasi p.*r:- 
ment with iilants of the English stock, so in the jjros' , one, 
the self-fertilised plants exceeded the crossed by a ii ttl<^ 
height. It will l>e siTflicient to state that the fourteen crossed 
plants averaged 44 •G4, and the fourteen self-fertilised 45*12 
inches in height ; or as 100 to 101. 
t The Ejf'acts of a Crons with afresh Stock, — I now tried a different 
experiment. Eight flowers on the self-fertilised ])lants of the 
last experiment (i.c., grandchildren of the plants which grew in 
Brazil) were again fertilised with pollen from the same plant, 
Uvud produced' five capsules, containing on an average 27*4 
• seeds, with a maximum in one of forty-two seeds. The seedlings 
raised! from these seeds formed the second self fertilised generation 
^ of the Brazilian stock. “ 

Eight flowers on one of the crossed plants of the last e^'peri- 
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nieht were crossed with pollen from another grandchild, and 
produced five capsules. These contained on an average 31*0 
seeds, with a inaxinuim in one of forty-nine seeds. The seedlings 
raised from these seeds may be called the Intercrossed. 

Lastly, eight other flowers on the crossed plants or‘ the last 
experiment werp fertilised with pollen from a plant of th<^ 
English stock, growing in my garden, and which must have 
been exposed daring many previous generations to very different 
collections from those to which the Brazilian progenitors of th(‘ 
mother-plant had been subjected. These eight flowers produced 
only four capsules, containing on an average 63*2 {feeds, with a 
maximum in one of ninety. The plants raised from these seeds 
may be cal hid the Knylish^crossed. As far as the above averages 
can be trusted from so few capsules, the English-crossed capsules 
contained twice as many seeds as the intercrossed, and rathei* 
more than twice as many as the self-fertilised capsules. The 
plants whi(ih yielded thcsci capsules were ‘grown in pots in tht‘ 
grwnhoiise, so that their absolute productiveness must not be 
compared with that of plants growing out of doors. 

The alxn’o throe lu.s of seeds, viz., the self- fertilised, intcr- 
cr\.»ssed, and English-crossed, wore planted in an equal state of 
germinacion (having becai as usual sown on bare sand) in nine ‘ 
Iff^rge pots, each divided intothr(‘o parts by supcirfleial partitions. 
Many of the fcdf-fertilised seeds germinated before those of*the 
crossed lots, ahd those? were pf course rejected. The 
sox^dlings thus raised arc the great-grandchildren of the plants 
wiJcb grow in Brazil. W^hen they were from 2 to 4 inches 
in height, the thre^lots were equal. They were measured when 
^our-fifttis grown, and again when fully grown, and as their 
v'lativu heights were almost exactly the same at these two 
ages, I will give only the last measurements. The average 
height the nhietcon English-crossed plants was 45 ’92 inches; 
that of the eighteen intercrossed plants (for one died), 4-3*38; 
and that the rdnctocii self- fertilised plants, 60*3 inches. So 
rhat we have the following rfytios in height : — 

Tb Eufflish-erossed to the solt-fertilised plants, as 100 to 109 
The English-crossed to the intercrossed plants, GBk 100 to 94 
The intercrossed to the self-fertilised plants, as 100 to. 116 

' the seed-capsules had been gathered, all these plants 
wc>-e cut down close to1;he ground and weighed. The nineteen 
crossed plants weighed 18*25 ounces; the intercrossed 

I 
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])lants (with their weight calculated as if there had been nine- 
t(^eii) weighed ounces; and the nineteen self-fertilised 
]ilants, 21 ‘-S ounces. We have therefore f(?r the weights of the 
three lots of plants the following ratios : — 

The English-crossed to the self- fertilised plants, as 100 to 118 

Tlie English-crossed to the intercrossed plants, as 100 to 100 

The intercrossed to the self-fertilised plants, as 100 to 118 

We thus sec that in weight, as in height, the sc»lf-fcrtjiUsod 
j>lants had a decided advantage over the English-crossed and 
int(o*crosse(hplaiits. 

The remaining seeds of the three kfnds, wlicther or not in a 
state of germination, were sown in three long parallel rows in 
the open ground; and here again the self-fertilised seedlings 
exceeded in height by between 2 and 3 inches the seedlings 
in the two other rows, which were of nearly equal heights. Th(^ 
three rows were left unprotected throughout the winter, and all 
the plants were killed, with the exception of two of thci self- 
fertilised ; so that as far as this little bit of (widcnce goes, some 
of the self-fertilised plants were more hardy than any of the 
crossed plants of either, lot. 

We thus see that the self-fertilised plants which were grown 
in the nine pots were superior in height (as 116 to 100), and in 
weight (as 118 to 100), and apparently in hardiness, to the inter- 
crossed plants derived from a cross l^tween the grand(;hildren 
of the Bitizilian stock. The superiority is here much more 
strongly marked than in the second trial with the plants of the 
English stock, in which the self-fertilised were to the crossed in 
height as 101 to 100. It is a far more remarkable fact—if we 
bear in mind the effects of crossing plants with pollen from a 
fresh stock in the cases of Ipomoea, Mimulus, Brassica, and 
Iberis—that the self-fertilised plants exceeded in height (as 109 
to 100), and in weight (as 118 to 100), the oifspring of the 
Brazilian stock crossed by the English stock; the two stocks 
having been long subjected to widely different conditions. 

If we now turn to the fertility o^ the three lots of plants we 
find a very different result. I may premise that in live out of 
ihe nine pots the first plant which flowered was one of the English- 
crossed ; in four of the pots it was a self-fertilised plant; and in 
not one did an intercrossed plant flower first; so that these 
latter plants were beaten in this respect, as in so many other 
ways. The three closely adjoining rows of plants growing in 
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the open ground flowered profusely, and the flowers were inces- 
santly visited by bees, and certainly thus intercrossed. The 
manner in which several plants in the previous experiments 
continued to be almost sterile as long as they were covered by a 
net, but sot a multitude of capsules immediately that they were 
uncovered, proves how effectually the bees carry pollen from 
plant to plant. My gardener gathered, at three successive 
times, an equal number of ripe capsules from the plants of the 
threSlots, until he had collected forty-five from each lot. It is 
not possible to judge from external appearance whether or not a 
capsule contains any good seeds ; so that I opened all the caji- 
sules. Of the forty-five from the English-crossed plants, four 
were cm ply; of those from the intercrossed, five were empty ; 
and of those from the self-fertilised, nine were empty. The 
seeds were counted in twenty-one capsules taken by cliance out 
of each lot, and the average number of seeds in the capsules 
from the English-cTossed plants was 67 ; from the intercrossed, 
66 ; and from the self-fertilised, 48*62. It therefore follows that 

Seedfi. 

The forty-five capsules * (the four empty ones in- 
cluded) from the English-crossed plants contained 2747 

The forty-five capsules (the fiye empty ones in- 
cluded) from the intercrossed plants contained . 2*240 

The forty-five <*ai)sules (the nine empty ones in- 
cluded) from the self-fertilised plants contained . 1746*7 

The reader should remeinjier that these capsules arc the pro- 
duct of cross-fertiMsation, effected by the bees; and that the 
difference in the numlier of the contained seeds must depend on 
the constitution of the plants ; — that is, on whether they were 
derived from a cross with a distinct stock, or from a cross 
between plants of the same stock, or from self-fertilisation. 
From the above facts we obtain tlje following ratios:— 

Number of seeds contained in an equal number of naturally 
fertilised capsules produced — 

By the English-crossed and self-fertilised plantfij^ as 100 to 68 

By the English-c*rossed and intercrossed plants, as 100 to Slf 

By the intercrossed and self-fertilised plants, as 100 Jo 78 

But to have ascertaiBcd the productiveness of tlie three lots 
of plants, it would have been necessary to know how many 
capsules were produced by the same number of plants. The 

I 2 
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three loop: rows, however, were not of quite equal lengths, and 
the plants were much crowded, so that it would have been ex- 
tremely. difficult to have ascertained how many capsules were 
produced by them, even if I had been willing to undertake so 
lal)orious a task as to collect arid count all the capsules. But 
this was feasible with the plants grown in pots in the green- 
house; and although these were much less fertile than those 
growing out of doors, their relative fertility appeared, after care- 
fully observing thorn, to be the same. The nineteen plants ot 
the English-jcrossAid stock in the pots produced altogether 210 
(capsules; the intercrossed plants (calculated as nineteen) pro- 
duced 137*22 capsules; and the nineteen self-fertilisc^d plants, 
152 capsules. Now, knowing the number of seeds contained in 
fortj^-iivo capsules of eacli lot, it is easy to calculate the relative^ 
numbers of seeds produced by an c<iual number of the plants ot 
the three lots. 


Number of seeds produced by an (Mjual 
fertilised plants. 


number of naturally- 
Smih. 


Plants of English-grossed and self-fertilised 

parentage as 100 to 40 

Plant.s of the English-crossed and intercrossed 
^ parentage as 100 to 45 

Plants of the intercrossed and self-fertilised 
parentage 100 to 89 


The superiority in productiveness* of the intercrossed jdants 
(that is, the product of a cross between the g-aiidchildreii of the 
plants which grew in Brazil) over the self-fertilised, small as it is, 
is wholly due to the larger average nuail»er of seeds contained in 
the (‘.apsules ; for the intercrossed plants produced fewer cap- 
sules in the greenhouse than did the self-fertilised plants. The 
great superiority in productiveness of the English-crossed over 
the Fclf-fertiliscd plants is shown by the larger number of 
capsules i)rofiuccil,the larger average numlxjrof contained seeds, 
and the smaller number of empty capsules. As the English- 
grossed and iiitercrosscd plants were the offspring of crosses in 
every previous generation (as must have been the case from the 
flowdrs being sterile with their own pollen), we may conclude that 
the great superiority in productivenesscof the English-crossed 
over the intercrossed plants is due to the two parents of the 
former having been long subjected to different conditions. 
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The English-crossed plants, though so superior in productive- 
ness, were, as we have seen, decidedly inferior in height and 
weight to the self-fertilised, and only equal to, or hardly superior 
to, the intercrossed plants. Therefore, the whole advantage of a 
cro^s with a distinct stock is here confined to productiveness, and 
1 have met with no similar case. 


VIII. EESEDACEiE.— PiESEDA lutea. 

S^ds collected from wild plants growing in this neighbour- 
hood were sown in the kitchen- garden ; and several of the 
seedlings thus raised were covered with a net. Of these, some 
were found (as will hereafter be more fully described) to be 
absolutely sterile when loft to fertilise themselves spontaneously, 
although plenty of pollen fell on their stigmas ; and they were 
equally sterile when artificially and repeatedly fertilised with 
their own pollen ; whilst other plants produced a few spon- 
taneously self-fertilised capsules. The remaining plants were 
left uncovci'ed, and as pollen was carried from plant to plant by 
the hive and humble-bets which incessantly visit the flowers, 
they produced an abundance of capsules. Of the necessity of 
pollen being carried from one plant to another, 1 had ample 
evidence in the case of this species end of It, odurata ; for those 
plants, which set no seeds or very few as long as they were 
protected from insects, became loaded with capsules immediately 
that they were uncovered. 

Seeds from the flowers spontaneously self-fertilised under the 
net, and from flowers naturally crossed by the bees, were sown on 
opposite sides of fife large pots. The seedlings were thinned as 
soon as they appeared above ground, so that an equal number 
wore left on the two sides. After a time the pots were plunged 
into the open ground. The same number of plants of crossed 
and self-fertilised parentage were measured up to the summits 
of* their flower-stems, with the result given in the following 
table (XXXV.). Those which did not produce flower-stems were 
not measured. 

The average height of the twenty-four crossed plants is here 
17*17 inches, and that of the same number of self-fertilised plants 
14*61; or as 100 to Of the ciossed plants all but five 
flower^, whilst several of tbe self-fertilised did not doso.* .i?he 
above pairs, whilst still in flower, but with some capsules already 
formed, were afterwards cut down and weighed. The crossed 
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weighed 90*5 ounces; and an equal number of the self-fortilisod 
only 19 ounces, or as 100 to 21; and this is an astonishing 
difference. 

Tablk XXXV. 


Tieseda hitta, in pots. 


No. of Pot. 

Crosst^d Plants. 

1 

1 S('lf-fertili 8 cd i^lants. 


inches. 

Inches. 

I. 

21 

125 


148 

Hi 


19i 

Hi 


! 7 

158 


158 

; 

11 . 

20 | 

12 | 


178 

168 


25i 

168 



! 


.205 

138 

III. 

168 

14J 


17? 

198 


' 16? 

208 


10 

78 


10 

17? 

IV. 

: 228 

_ .. 


19 j 

11 ? 


18? 

11 


16J i 

K, 

1 

i 193 ' : 

16? 

V. 

! 255 1 

" 14? 


1 22 

10 


8 ? 

14S 


143 

148 

Total in inches. 

412-25 

350 -SO 


Seeds of the same two lots were' also sown in two adjoining 
rows in the open ground. There were twenty crossed plants in 
the one row ^and thirty-two self-fertilised plants in the other 
row, so that the experiment was not quite faii^; bnt not so un- 
faiMA it at first Bpi)ear8, for the plants in the same row were not 
crowded so much as seriously to interfere with each other's 
growth, and the ground was bare on the outside of both rows. 
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These plants were better nourished than those in the pots and 
grew to a greater height. The eight tallest plants in each row 
were measured in the same manner as before, with the following 
result ; — * 


Table XXXVI. 


lutm^ yrowiny in the open ground. 


Crosaotl Tlants. 

Self-fcrtiUsed Plants. 

Inches. 

Inches. 

28 

33| 

27 j 

23 


21 J 

••28S 

20 j 

: 

211 

2(!J { 

22 

1 

213 


21 J 

22+ -75 

185*13 

i 


The average height of the crossed plants, whilst in full flower, 
was here 28 ’09, and that of the self-fertilised 23*14 inches ; or as 
100 to 82. It is a singular fact that the tallest plant in the two 
row’s, was one of the self-fertilised. The self-fertih*sed plants had 
smaller and paler green leaves than the crossed. All the plants 
in the two rows were afterwards cut down and weighed. The 
twenty crossed plants weighed 65 ounces, and twenty self-ferti- 
lised (by calculation^ from the actual weight of the tldrty-two self- 
fertilised plants) weighed 26*25 ounces ; or as 100 to 40, There- 
fore the crossed plants did not exceed in weight the self-fertilised 
plants in nearly so great a degree as those growing in the 
pots, owing probably to the latter having been subjected to more 
severe mutual competition. On the other hand, they exceeded 
the self-fertilised in height in a slightly greater degree. 

Reseda .odokata. 

Plants of the common, mignonette were raised fpom purchased 
seed, and several of them w^ere placed under separate nets. (Jf 
these some became loaded with spontaneously self-fertilised cap- 
sules ; others produced a few, and others not a single one. ' It 
must not be supposed that these latter plants produced no seed 
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teause tlieir stiginas did not receive any pollen, for they were 
rei)eatedly fertilised with pollen from the same plant with no 
effect ; but they w'ere perfectly fertile with pollen from any other 
])lant. Siwntaneously self-fertilised seeds were saved from, one 
of the ' highly self-fertile plants, and other seeds wai*e collected 
i'rom the plants growing outside the nets, which had hexn 
(n’ossed by the bees. These seeds after germinating on sand 
were planted in pairs on the opxjosite sides of five pots. The 
plants were trained up sticks, and measured to the summits of 
their leafy stems— the flow^er-stems not being included. We hero 
have the result : — 

Table XXXVII. 


Jitisedu odoraia (seedUttgs from a highly 'Self-fertile Phml). 


No. of Pot. 

Cro'istd I^lants. 

Solf-fortiliHcd Plaiit.«s. 


Inches. 

Inches. 

I. 

20 7 

22 j 



28 1 


2«§ 

238 


3-’S 

30 i 

II. 

343 

3+j 

288 


30 1 


lO 

23 


33 a 

30 J 

111. 




27 

25 


30| 

208 


30i 

25 i 

IV. 

21f 

i 228 


28 

! 25J 


S2i 

15 i 


32i' 

1 

248 

V. 

21 

118 


! ■ 251 

19i . 

• 

268 . 

1 

108 

Tot.d in inches. 

522-25 

428*50 

« i 

1 



The average height of the nineteen crossed plants is here 
^2'r*48, and that of the nineteen self-fertilised 22*55 inches ; or as 
1(X) to 82. All these plants w^ere cut down in the early autumn 
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and weij^lied : the crossed weighed 11*5 ounces, and the self- 
fertilised 7*75 ounces, or as 100 to 67. These two lots having 
been left freely exposed to the visits of insects, did not present 
any diiferenco to tho eye in the number of seed-capsules which 
they produced. , * 

The remainder of tho same two lots of seeds were sown in two 
-djoining rows Ip the open ground ; so that tho plants were ex- 
lioscd to only moderate competition. The eight tallest on each 
side, were measured, as shown in the following table : — 

Table XXXVIII. 

Reseda odorata^ (jrowintj in the open ground. 


Crossed Plants. 

Self-fertilispd Plants. 

iuclu-K. 

Inches. 


2<v| 

'ill 

2.)g 

2+ 

25 

203 

283 

25 

29; 

'161 

257 

278 

25 j 

20 ; 

m 

“;}2oo-iT 

1 

210-75 


The average height of the eight crossed plants is 25* 76, and 
that of the eight fertiliscd^27*09 ; or as 100 to 105. 

We here have tho anomalous result of the self-fertilised plants 
being a little tallA: than the crossed ; of which fact I can offer 
no explanation. It is of course i)ossiblc, but not probable, tliat 
the labels may have been interchanged by accident. 

Another experiment was now tried: all the self-fertilised 
capsules, though very few in numl)er, were gathered from one of 
the semi-self-sterile plants under a net ; and as several flowers on, 
this same plant had been fertilised with pollen from a distinct 
individual, crossed seeds wefo thus obtained. I expected that the 
seedlings from this semi-solf-sterilo plant would have profited 
in a higher degree from a cross, than did thei seedlings from 
the fully self-fertile plants. But my anticipation was quite wro2g, 
for they profited in a less degree. An analogous result followed in 
the case of Eschscholtzia, in which the offspring of the plants of 
Brazilian parentage (which were partially self-sterile) did not* 
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profit more from a cross, than did the plants of the far more 
self-fertile English stock. The above two lots of crossed and 
self-fertilised seeds from the same plant of Iteseda mlorata, after 
germinating on sand, were planted on opposite sides of five pots, 
and m^ured as in the last case, with the following result : — 

Table XXXIX. 


JReseda odorata (seedlings from a semi’-self -sterile Plant), 


, No. of Pot. 

erased Plants. 

; Self-fertilised Pliints. 

• 

■ T— 

inches. 

inches. 

1. 


M 


30i 

23 


29 g 



20 

32 

11. 

22 

1 218 



! 208 


318 

; 


. 328 

1 

III. 

30 i 

i 178 


32 i 

i 298 


3tS 

! 246 


328 

i 34* 

IV. 

19 i 

i 208 


308 

1 'ft 


248 

I 31 8 


30? . 

1 368 

_ - 

V. 

34 1 



378 

34 


318 

228 


33 

378 

Total in inches. 

590 '75 

554 • 25 


The average height of the twenty oiL’ossed plants is hero 29-98, 
and that of the twenty self-fertilis^ 27*71 inches; or as 100 to 
92. These plasts were then cut down and weighed ; and the 
crdssed in this case exceeded the self-fertilised in weight by a mere 
trifle, viz., in the ratio of 100 to 99. The two lots, left freely 
exposed to insects, seemed to bo equally fer^tile. 

• The remainder of tlic seed was sown in two adjoining rows in 
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the open ground ; and the eight tallest plants in each row were 
measured, with the following result: — 

Table XL. . 

Reseda odorata (seedUmjs from a semUself-steriU Plant, planted 
in the open grmnd). 


Crossed Plants. 

Self-fertilised Plants. 

Indies. 

m 

22 1 
‘2oJ 

2r>j * 

20 i 

27i 

22J : 

26^ ! 

Inches. 

22g 
• 24i 

23 1 

21 J 

22 § 

i 27 1! 

27^ 

1 1^1 

Total in , 

inches. 1^07 38 

188-38 


The average height of the eight crossed plants is here 25 ’92, 
and that of the eight self-fertilised plants 23*54 inches; or as 


100 to 90. 


IX. V.IOLACEiE.— Viola tkicolor. 

Whilst the flowers of the (jommon cultivated heartsease are 
young, the anthers shed their pollen into a little semi-cylin- 
drical passage, formed by the basal portion of the lower petal, 
and surrounded^ by i)apill£e. The pollen thus collected lies 
close beneath the stigma, but can seldom gain access into its 
cavity, excc])t by the aid of insects, which pass their proboscides 
dow*B tliis passage into the nectary.* Consequently when I 
covered up a large plant of a cultivated variety, it set only 
eighteen capsules, and most of these contained very few good 
seeds— several from only ono to three; whereas an equally find* 


♦ The flowers of this plant 
have been fully described by 
Sprengel, Hildebrand, Delpino, 
and H. Muller. The latter author 
sums up all the previous obser- 
vations in his ‘ Befruchtiing der 
Blumon/ and in ‘Nature/ Nov. 
20, 1873, p. 44. See also Mr. A. W. 


Bennett, in ‘Nature,* May 15, 
1873, p. 50; and some remarks 
by Mr. KitobeAer, ibid. p. 143. 
The facts which follow on %e 
eftects of covi ring up a plant 
of F. tricolor have been* quoted 
by Sir J. Lubbock in his ‘ BritislL 
Wild Flowers,’ &o. p. 62. 
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uncovered plant of the same variety, growing close by, iiroduccd 
105 fine capsules. The few flowers which produce c^ipsiiles when 
insects are excluded, are perhaps fertilised by the curling inwards 
of the petals as they wither, for by this means polhm-grains 
adhering to the papillae might ho inserted into the cavity of the 
stigma. But it is more probable that their fertilisation is effected, 
as Mr. Bennett suggests, by Thrii)s and certain' minute beetles 
which haunt the flowers, and which cannot l)c excluded by any 
net. Humblc-lKjes are the usual fertilisers ; but I have more than 
once seen flies {Uhintjia rostrutu) at woi1c,with the under sid^s of 
their bodies, heads and leg# dusted with i>ollcn ; and having 
marked the flowers wliich thev visited, I found them after a few 
days fertilised.* It is curious for how long a time the flowers of 
the heartsease and of some other plants may he w'atched w ithout 
an insect Ixjing seen to visit them. During the summer of 1841, 1 
observed many times daily for more than a fortnight some large 
clumps of heartsease groAving in my garden, before I saw a single 
humble-bee at Avork. During another summer I did the same, but 
at last saw some dark-colou*ed humble-bees visiting on three suc- 
cessive days almost every flower in several clumi)s ; and almost 
all these flowers quickly Avithered and produced fine cai)sules, 
I presume that a ccrhiin state of the atmosphere is necessary 
for the secretion of nectar, and that as soon as this occurs the 
insects discover the fact by the odour emitted, and immediately 
frequent the flowers. 

As the flowers require the aid of insects for their complete 


I should add that this ily 
apparently did not suck the nec- 
tar, but was attracted by the pa- 
pillfe which surround the stigma. 
H. Muller also saw a small bee, an 
Andrena, which could not reacli 
the nectar, repeatedly inserting 
cits proboscis beneath the stigma, 
where the papillm are situated; 
so that these papillse must be in 
some way attractive to insects. A 
writer asserts ( ‘ Zoologist,* vol. 
iii.-iv. p. 1225X that a moth 
(Flusia) frequently visits the 
flowers of the pansy. Hive-bees 
do not brdinurily visit tiiem, but 
a case has been recorded (*GkiT- 
Seners* Chronicle,* 1844, p. 374) 


of these bees doing so. II. Miiller 
has also seen the hive-bee at work, 
but only on the wild small- 
flowered form. Ho gives a list 
(‘Nature,* 1873, p. 45) of alt the 
insects which he has seen visiting 
both the large and small-tlowerod 
forms. From his account, 1 sus- 
pect th|t the flowers of plants in 
a stE^ of nature are visited more 
frequently by insects than those 
of the cultivated varieties. He 
has seen several butterflies suck- 
ing the flowers of wild plants, 
and this I have never observed in 
gardens, though 1 have watched 
the flowers during many years. 
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fertilisation, and as they are not visited by insects nearly so often 
as most other nectar-secreting flowers, we can understand the 
remarkable fact disyovered by H. Muller and described by him 
in ' Nature,* namely, that this species exists under two forms. 
One of these bears conspicuous flowers, which, as we have seen, 
require the aid of insects, and arc adai)ted to he cross-fer- 
iiliscd by them V whilst the other form has much smaller and 
less conspicuously coloured flowers, which are constructed on a 
slightly diflei’cnt plan, favouring self-fertilisation, and are thus 
adajrted to ensure the propagatioii of the si)ecies. The self- 
fertile form, however, is occasionally visited, and iqgiy be crossed 
by insects, though this is rather doubtful. 

In my first efsperiments on Viola tricolor I was unsuccessful in 
raising seedlings, and obtained only one full-grown crossed and 
self-f(3rtiffsed ])lant. The former was 12 h inches and the latter 8 
inches in height. On the following year several flowers on a 
fresh plant were crosscid with ])ollen from another plant, which 
was known to bo a distinct seedling; and to this ])oint it is im- 
portant to attend. Several other flowers on the same plant 
were fertilised with their own pollen. The average number 
of seeds in the ton crossed capsules was 18*7, and in the twelve 
self-fertilised capsules 12*83; or as 100 to 69. These seeds, 
after germinating on bare sand, wore planted in pairs on the 
opposite sides of five pots. They were first measured when 
al)out a third of iheir full size, and the crossed plants then 
averaged 3*87 inches, and the self-fertilised only 2*00 inches in 
height; or as 100 to 52. •They were kept in the greenhouse, and 
did not grow v^orously. Whilst in flower they were again 
measured to the summits of their stems (see Table XLI.), with 
the following result : — 

The average height of the fourteen crossed plants is here 5 * 58 
inches, and that of the fourteen self-fertilised 2*37 ;'Or as 100 to 
42. In four out of the five pots, a crossed plant flowered before 
any one of thg self-fertilised ; as likewise occurred with the paiji 
raised during the previous year. These plants without being 
disturlKid were now turnei out of their pots and i)lanted in the 
oj)cn ground, so as to form five separate clumps. Early in the 
following summer (1869) they flowered profiftely, and bc^ng 
visited by humble-bees set many capsules, which were carefully 
collected from all the plants on both sides. The crossed plants 
produced 167 capsules, and the self-fertilised only 17 ; 61 
100 to 10. So that the crossed plants were more than twice the 


f 



126 yiOLA TBlOOLOR. Chai?. IV. 

height of tlie self-fertilised, generafly flowered first, and produced 
ten times as many naturally fertilised capsules. 

Table XLI 
Vida tricolor. 


Xo. of Pot. Crossed Plants. 

Sclf-fprti^sed IMtints. 

j inches. 

1. 

n 

5 

Inches. 

0* 

<> 4 

-H 

n 

11. ' 5 

% 

4 


4* 

3 ; 

HI. 


■n 

1 j 

: 

Oi 

IV. 4i 

2i 

4? 

ig 

4 

21 

V. C 

3 



Total ill inch O.S. • 78 ’13 

33 ‘25 


By the early part of the summer of 1870 the crossed plants in 
all the live clumps had grown and spread so wiuch nioi-o than 
th(j self-fertilised, that any comparison between thorn was 
superfluous. The crossed plants were covered with a sheet of 
bloirm, whilst only a single self-fertilised plant, which was much 
finer than any of its brethren, flowered. The crossed and scilf- 
fertiliscd plants had now grown all matted together on the 
Respective sides of the superficial partitions still seiiarating them ; 
and in the clump which included the ^finest self-fertilised plant, 
I estimated that the surface covered by the crossed plants was 
about nine times as large as that covered by the self-fertilised 
plants. The extraordinary suixjriority of the crossed over the 
self-fertilised plants in all five clumps, was no doubt due to 
the crotJsed plants at first having had a decided advantage over 
I4ie self-fertilised, and then robbing them more and more of their 
food during the succeeding seasons. But we should rememlier 
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that the same result would fdllow in a state of nature even to a 
prreater degree; for my ])lants grew in ground kept clear of 
weeds, so that the gelf-fertilised had to compete only with the 
crossed plants; whereas the whole surface of the ground is 
naturally covered with various kinds of plants, all of which 
have to struggle together for existence. 

The ensuing Vinter was very severe, and in the following 
spring (1871) the ])lants were again examined. All the self* 
fert’Jised were now dead, with the exception of a single branch on 
one Pant, which bore on its summit a minute rosette of leaves 
about as large as a pea. On the other hand, aU the crossed 
]>lants without exception were gimving vigorously. So that the 
self-fertilised jflants, besides their inferiority in other respects, 
were more tender. 

Another experiment was now tried for the sake of ascertaining 
how far the superiority of the crossed plants, or to speak more 
correctly, the inferiority of the self-fertilised jdants, would be 
transmitted to their offspring. Tlie one crossed and one self- 
fertilised plant, which werc first raised, had been turned out of 
their ])ot and planted in the open ground. Both produced an 
abundance of very fine capsules, from which fact wo may safely 
(tonclude that they had been cross-fertilised by insects. Seeds 
from lK)th, after germinating on sand, were planted in piirs on 
the o]>i)osite sides of throe ])ots. The naturally crossed seedKngs 

Table XLIL 

Viola tricolor: svedlinfifi fFam crofisid and self-fertilised Plants, the 
pnrods ofhoth^cts kaviivi htm Ivft to he naturally fertiUsed, 



Natur.allv creased 

Naturally crossed 

No. nf ri.M. 

I Mauls fn-ni artiti- 

IMunis from self- 


cially crossed IMaiits. 

fertilised Plants. 


inches. 

Inches. 

I. 

i-’i 

n 


118 

u 

II. 

ui 

n 


10 

iij 

111. 

UJ 

114 


138 

113 

Total in inches. 

, 75*38 

81*88 
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derived from the crossed plants flowered in all three pots before 
the naturally crossed seedlings derived from the self-fertilised 
plants. When both lots were in full flOiyer, ‘ tho two tallest 
plants on each side of each pot were measured, and the result 
is slioAvn in the preceding table. 

The average height of the six tallest plants derived from the 
crossed plants is 12*56 inches; and that of the<six tallest plants 
derived from the self-fertiliscni plants is 10*31 inches; or as 
100 to 82. We hero see a considerable difference in height 
between tlie two sets, though very far from equalling that the 
previous trhls between the offspring from crossed and self- 
fertilised flowers. This difference must be attributed to the 
latter set of plants having inherited a weak constitution from 
their parents, the offspring of self-fertilised flowers ; notwith- 
standing that the parents themselves had been freely inter- 
crossed with other lolants by the aid of insects. 

X. EANUNCULACE.®.— Adonis aestivalis. 

The results of my,exi3eriments on this plant are hardly worth 
giving, as I remark in my notes made at the time, seedlings, 
from some unknown cause, all miserably unhealthy.” Nor did they 
ever become healthy ; yet I feel lH)und to give the present case, 
as it isifepposed to the general results at which I have arrived. 
Fiftheir flowers were crossed and all produced fhiit, containing 
on an average 32*5 seeds; nineteen flowers were fertilised with 
their own pollen, and they likewise all yielded fruit, containing 
a rather larger average of 34 * 5 seeds ; 'Dr as 100 to 106. Seedlings 
were raised from these seeds. In one of thei> pots all the self- 
fertilised plants died whilst quite young ; in the tWo others, the 
measurements were as follows : 


Table XLIII. 

Ado/ifs sbstivalis. 


No. "J)! Pot. 

Crossed Plants. 

( 

Self-fertilised Plants. 


Inches. 

Inches. 

I. 

14 

13J 

1 


131 

II. 

16| 

151 


1.3 1 

15 

Total in inchea. 

57*00 

57*25 
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The average height of the four crossed plants is 14*25, and 
that of the four self-fertilised plants 14*81 ; or as 100 to 100 -4; 
so that tliey were in^fact of equal height According to Professor 
H, Hoffmann,* this plant is protorandivus ; nevertheless it yields 
plenty of seeds when protected from insects. 

Delphinium consolida. 

It has been said in the case of this plant, as of so many 
othc.'HL that the flowers are fertilised in the bud, and that 
distinct i)lants or varieties can never naturally inter^ross.f But 
this is an error, as we may infer, firstly from the flowers Inking 
proterandroiis,— the mature stamens l>onding up, one after the 
other, into the i)assago which leads to the nec^tary, and afterwards 
tlie mature pistils bonding in the same diirction; secondly, from 
the numl^r of humble-l)ees which visit the flowers % ; and thirdly, 
from the greater fertility of the flowei*s when crossed with i)ollen 
from a distinct plant than when sjjontaneously solf-fertilistd. In 
the year 1863 I enclosed a large branch in a net, and crossed five 
flowers with pollen from a distinct plant ; these yielded (capsules 
containing on an average 35 * 2 very fine seeds, with a maximum of 
forty-two in one cajisule. Tliirty-two other flowers on tho same 
branch produced twenty-eight siH>ntanconsly self-fertilised ca]>- 
sules, containing on an average 17*2 seeds, with a maximum in 
one of thirty-six seeds. But six of thes(i caj)sules were very i)oor, 
yielding only from one to five seeds ; if these are excluded, the 
remaining twenty-two capsules give an aveu’age of 20*1) seeds, 
though many - of these seeds were small. The fairest ratio, 
therefore, for the mtmbcr of seeds produced by a cross and by 
sj)ontaneous self-fertilisation is as 100 to 50. These seeds were 
not sown, as I had too many other exixjrimonts in progress. 

In the summer of 1867, which was a very unfavourable one, 
I again crossed several flowem undtT a net with jKfllen from a 
distinct plant, and fertilised other flowers on the same plant with 
their own pollen. The former yielded a much larger proportion 
of capsules than the latter ; and many of the seeds in the self- 
fertilised capsules, though numerous, w’cre so poor that an equal 
number of seeds from the crossed and gelf-fertiHsed capsule^ 


♦ ‘ Zur Speciesfrage,’ 1875, t Their structure is Mescrihwl 
p. 11. by H. Muller, * Bcfruchtung/ &c.. 

t Decaisne, • Comptes-Eendus/ p. 122, 

July, 1863, p. 5. 

K 
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were in weight as 100 to 45. The two lots were allowed to 
germinate on sand, f\nd pairs were ])lanted on the o])i)osite sides 
of four iK)ts, When nearly two-thirds , grown they were 
measured, as shown in the following table : — 


Table XLIV. 
DeJph inium consolida. 


No. of Pot. 

Crossed IMants. 

Self-fertilised riaiits. 


Inches. 

indies. 

< 1. 

11 

1 n 



_ 

i _ 

11. 

10 

Uil 


1(5? 


111. 

20 

22 

IV. 


' H 


« ! 

! 

Total iu inclic.^. 

8P*75 j 

i 75-i)() 


The six crossed ])lant8 here average 14*95, and the six self- 
fertilised 12 *50 inches in height; or as 100 to 81. When fully 
grown they were again raeasun^d, but from want of time only a 
single j>lant on ejich side was naoasured ; so tliat I have thought 
It best to give the earlicir measurements. At the later period 
the three tallest crossed ])laiitR stilf ex(;eed^^d considerably in 
height the three tallest self- fertilised, but not in (juite so great 
a degree as before. The i)ots were left uncovered in the green- 
house, but whether the flowers were intorei’ossed by bees or self- 
fortilis(!d I do not know. The six crossed ])lants i)rodu(*cd 282 
mature and immature cajisules, whilst tlie six self-fertilised 
])lantK ja’oduced only 159 ; or as 100 to 50. So that the crossed 
]>lants were very much more j)roductive than the self-fertilised. 

XI. CAEYOPIlYLLACEiE.— ViscAKiA oculata. 

t Twelve flov^ers were crossed with pollen from another jflant, 
and yieldcid ten capsules, containing by w*eiglit 5 ‘77 grains of 
seelis. Eighteen flowers were fertilised with their own *i)ollcu 
and yielded twelve capsules, containing by w*eight 2*03 grains. 
Tliercfore the seeds from an equal number of crossed and self- 
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fertilised flowers would have Ixjcn in weight as 100 to 38. I had 
previously speeded a mediuniHsized cajisule from each lot, and 
counted the seeds in kith ; the crossed one contained 284, and 
the self-fertilised one 12G seeds; or as 100 to 44. These seeds 
were sown on o])])osite sides of three pots, and several seedlings 
raised ; hut only the tallest flower-stem of one plant on caeli 
dde was iiK'asniVd. Tlie thrive on the crossed side averaged 32*5 
inches, and the three on the self-fertilised side 34 inches in 
luuVht; or as 100 to 101. But this trial was on much too small 
a sc^e to he trusted; the ])lant8 also grew so uneriiially that 
one of the three flower-stems on the crossed jdajits was very 
nearly twice as tall as that on one of the others; and one of 
the three flowar-sienis on the self-fertilised plants exceeded in 
an equal <l(‘greo one of the others. 

In the following year the cxi)eriment was repeated on a larger 
scale : ti'ii flowers were crossed on a new set of ])lants and 
yielded ten cajjsules containing hy weight 0*51 grains of seed, 
.liightecn s]iontaiie(msly self-fertilised caj)sules were gathered, 
of wliich two contained no seed ; the other sixteen contained by 
weight O' 07 grains of seed. Therefore the weight of seed from 
an equal iiuniher of crossed and si)ontaneously self-fertilised 
flowers (instead of artificially fcililised as in the ))revio\is case) 
was as KHj to 58. 

The si‘cds after genninating on sand were planted in pairs on 
the opposite sides of four pots, with all the remaining seeds sown 
crowded in the o])]K)site sides of a fifth pot; in this latter pot 
only the talhist ]>laiit on-each side was measured. Until the 
seedlings had gr(j;vn about 5 inches in height no difference 
could be perceived in the two lots. Both lots fiowered at nearly 
the same time. ^Yllen they had almost done flowering, the 
tallest flower-stem on each plant was measured, as shown in the 
following table (XLY.). 

The fifteen crossed ])lants here average 34*5, and the fifteen 
self-fertilised 33 ’Op inches in height; or as 100 to 07. So that ‘ 
the excess of height of tlie crossed plants is quite insignificant. In 
])roductivencss, however, the difference was much more plainly 
marked. All the capsules were gathered from both lots of plants 
(exce])t from the crowded and uni)roductive onesSn Pot V.), and 
at the close of the season the few remaining flowers were added 
in. The fourteen crossed plants produced 381, whilst the four- 
teen self-fertilised plants produced only 203 capsules and flowers ; 
or as 100 to 77. 
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Table XLV. 
Viscarid oculata. 





No. of Pot. 

Crossed Plants. 

Self-fertilisod Plants. 


Inches. 

Inches. 

I. 

19 

1>28 


s;5 



41 

38 


41 

28 5 

n. 


36 

i 

.‘>,6 3 

iJ2 2 


:>,8 


III. 


'36 


i :U)a 



• 30 


IV. 

i . :>,o| 

\ 36 


31 

i 30 



20 


24 

38 J 

V. 

;io? 

32 

CVuw<lf I. 



Total in infhos. 

r>i7-o;! 

r>03»*36 

' 
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The common cjirnutiou is strongly ]>roteranclroiis» anti thort*- 
fore dejMinds to a large extent uiion inset^ts for fortilisution. 1 
heave seen tinly hui/ible4»eos visiting tlie flowers, but I daie say 
other inserts likewise do so. It is notorious that if pure seed is 
desired, the greatt^st eare is necessary * to prevent the varieties 
which grow in tlie same garden from intercrossing. The ];)ol]cn 
is generally slied and lost liefore the two stigmas in the same 
flower diverge and arc ready to bo fertilised. I was therefore 
often forced to use for self-fertilisation pollen from the same 
plant instead of from the same flower. lUit on two occasions, 
Wfhen I attended to this jioint, I was not able to detect any 
marked difference in the number of seeds i>roduccd by these two 
forms of self-fertilisation. 

♦ * GardenorB* Ohroniclo,* 1847, p. 268. 
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Several single-flowered carnations were planted in good soil, 
and were all covered with a net. Eight flowers were crossed 
with pollen from^a distinct • ])lant and yielded six capsnhjs, 
containing on an average 88 ‘G seeds, with a maximum in one of 
1112 seeds. Eight other flowere were self-fertilised in the 
inaiiuor above described, and yielded seven capsules containing 
on an average V)2 seeds, with a maximum in one of 112 seeds. 
So that there was very little difference in the numl^er of seeds 
produced by cross-fertilisiition and self-fertilisation, viz., as 
lOC^to 92. As these plants were covered by a net, they luo- 
ducod sj)ontancously only a few capsules containing any seeds, 
and these few may perhai)s be attributed to the action of 
Thri])8 and dtlier minute) insects which haunt the flowers. A 
large majority of the s])ontancously self-fertilised caj^sules pro- 
duced by s()veral i)lauta contained no seeds, or only a single one. 
Excluditig these latter capsules, I counted the seeds in eighteen 
of the finest ones, and these contained on an average 18 seeds. 
One of the plants was sjKmtancously self- fertile in a higher degree 
than any of the others. On another o(‘casion a single covered-up 
Ijlant lu’oduced sj)ontancously eighteen cai)sules, but only two of 
these contained any seed, namely 10 and 15. 

(Jroi^iied and sc/J^/hiilised Plauis of the First Generation, — The 
many s(.'ods obtained from tlie above crossed and artificially 
self-fertilised flowers were sown out of doors, and two large beds 
of seedlings, closely adjoining one another, thus raised. This 
was the first i)lant on which I experimented, and 1 had not 
then formed any ]-cguhM* scheme of oiHiration. When the two 
lots were in fiil^ flower, 1 measured roughly a large number of 
])lants but record only that the crossed were on an average 
fully 4 inches taller than the self-fertilised. . Judging from 
sulMeqiient measurements, wo may assume that the crossed 
l)lants, were about 28 inches, and the self-fertilised about 
24 inches in height; and this wdll give us a ratio of 100 to 
8C. Out of a large number of ])lants, four of the crossed odc% 
flowered before any one o^the self fertilised plants. 

Thirty flowers on these crossed plants of the first generation 
were again crossed with iKjllen from a distinct plant of the same 
lot, and yielded twenty-nine capsules, contiiiiiiifg on an avqj*age 
55 * 62 seeds, with a maximum in one of 110 seeds. 

Thirty flo\vers on the self-fertilised plants were again self- 
fertilised ; eight of them with pollen from the same flow’-er, ap^l 
the remainder with pollen from another flower on the same 
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plant ; and tliese produced twenty-two ca])snlos, containing on an 
average 35*95 seeds, with a maximum in one of G1 seeds. We 
thus see, judging by the minil>ePof seeds par capsule, that the 
crossed* plants again crossed were more productive than the 
self-fertilised again self-fertilised, in the ratio of 100 to 65. 
Roth the crossed and self-fertilised plants, from having grown 
much crowded in the two l)eds, produced less fuic ca])sules and 
fewer seeds than did their parents. 

Crossed and self -fertilised Plants of the t^ecoud (1 cnerntion , — ;M'hc 
crossed and sclf-fortilisod seeds from tlio crossed and stjlf-fert^jsed 
plants of the last generation were sown on oi)))ositc sides of two 
pots ; but the seedlings wore not thinned eniough, so that both lots 
grew very irregularly, and most of the self-fertilisCd i)lauts after 
a time died from l)cing smothered. ]\ry measurements were, 
tlierefore, very incomplete. From the tirst the crossed seedlings 
ai)peared the finest, and when they were on an av(jragc, by esti- 
mation, 5 inches high, the self-fertilised i>lanls were only 4 
inches. In both pots the crossed ])lants fiow"(‘red tii'st. Tlui two 
tallest flower-stenis on the crossed plants in the two )>ots were 
17 and 161 inches in height ; and the two tallest flower-stems 
oil the self-fertilised plants 101 and 9 inches; so that their 
heights were as 100 to 58. But this ratio, deduced from only 
two jiairs,' obviously is not in tlic Jejist trustworthy, and would 
not have been given had it not lieen otherwise sui>i>orted. I 
state in my notes that the crossed plants were very much more 
luxuriant than their o])poiients, and seemed to bo twice as 
bulky. This latter estimate may l)t‘ believed from tln3 ascc^rtained 
wciglits of the two lots in the next generation. Some flowers 
on these crossed plants were again crossed with polhni from 
another plant of the same lot, and some flowers on the self- 
fertilised plants again self-fertilised; and from the seeds thus 
obtained the plants of the next generation were raised. 

Crossed and self-fertilised Plants of the Third Generation, — The 
'seeds just alluded to were allowed to germinate on bare sand, 
and were planted in pairs on the opposite sides of four pots. 
When the seedlings were in full flower, the tallest stem on each 
plant was measured to the base of the calyx. The measurements 
aroigiven in the following table (XLVI.). In Pot I. the crossed 
and self-fertilised plants flowered at the same time ; but in the 
other three pots the crossed flowered first. These latter plants 
also continued flowering much later in the autumn than the 
self-fertilised. 
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Table XLVI. 

Diantlnfs carijophyllns {Third Generalmi). 


No. of Pot. 1 

(.Crossed Plants. 

Sqlf-ff;rlilise<.l Plants. 

1 

Inches. 

Inches. 

1 I 

‘J8|j 


27-* 

29 

11. 

29 

SOJ 



27 j 

111. j 

• 

283 
f>“, 1 
-.Ig 

24 ? 

s 

jv. ! 

27 


1 

1 

333 

2:) 

Total in inch(?s. 

227-13 

22.“) *75 


The average hcjight of the eight crossed plants is hero 28*111) 
inches, and of the eight self-fertilised 28*21; or as 100 to 00. 
So tliat there was no difference in height worth speaking of; 
but in geiKiral vigour and luxuriance there was an astonishing 
difference, as shown by their weights. After the sced-cai)sulcs 
had iKicn gathered, the eight crosst*d and th(^ eight self-fertilised 
plants were cut down and weighed; the former weighed 43 
ounces, and the latter onjy 21 ounces; or as 100 to 40. 

These plants were all ke])t under a net, so that the capsules 
which they produced iniist have been all spontaneously selt- 
fertilised. The eight crossed plants produced tWenty-one such 
capsules, of wliich only twelve contained any seed, averaging 
8*5 per capsule. On the other hand, the eight self-fertilised 
plants produced no less than thirty-six capsules, of which 1 
examined twenty-five, and, with the cxce];)tion of three, alj 
contained seeds, averaging 10*03 seeds per capsule. Thus the 
proportional number of sefids per capsule produced by the plants 
of crossed origin to those produced by the plants of self-fertilised 
origin (both lots being spontaneously self-fertilised) was as 100 
to 125. This anomalous result is probably due to some of*the 
self-fertilised plants having varied so as to mature their pollen 
and stigmas more nearly at the same time than is proper to 
the species ; and we have ali*eady seen tliat some plants in th*e 
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first experiment differed from the others in being sliglitly more 
self-fertile. 

The Effects of a ('ross with a freah Stock . — Twenty flowers on the 
self-fertilised jfiimtsof tlie last or third generation. inTabln. XLVL, 
were fertilised with their own pollen, hut taken from other 
flowers on the same plants. These produced fifteen capsules, 
which contained (omitting two with only three and six so(‘ds) 
on an average 47 ■ 23 seeds, with a maximum of seventy in one. 
The self-fertilised ca])sulcs from the self-fertilised plants of the 
first generation yielded the much lower average of 85 '‘.io /,>edR; 
but as these latter plants gi*ew extremely crowded, nothing can 
be inferred with r(‘spect to this difforoiu'e in their self-fertility. 
The seedlings raised from the alx>vc seeds constitute the plants 
of the fourth self- fertilised g<‘neration in the following tabh* 

(XLvn.). 

Twelve flowers on the same plants of the third self-fertilised 
generation, ill Table XLVL, were crossed with |X)llen from tiu* 
crossed plants in the same table. Tlajse crossed jilants had been 
intercrossed for the three previous generations; and many of 
them, no doubt, were morv or less closely inter-related hut not 
so closely as in some of the experiments wit^' other sj)eeicF • foi 
several carnation plants had boon raistsd and crossed in the 
earlier generations. Tliey wore not related, or only in a distant 
degree, to the self fertilised plants. The parents of both t'no 
self-fertilised and crossed plants had l)een subjected to as nojijly 
as iiossible the same conditions during the three juevious genera- 
tions. The above twelve floweis produml ten capsules, contain- 
ing on an average 48*66 B(?c<ts, with a maxi mum in one of 
seventy-two seeds. The plants raised from these seeds may be 
called the intercrossed , 

Lastly, twelve flowers on the same self-fertilised plants of the 
third gcncri^tion were crossed with pollen from plants which 
had Ixjcn raised from seeds purchased in London. It is almost 
^certain tliat the plants which produced tliese seeds had grown 
under very different conditions to those to which my self- 
fertilised and crossed plants had beeif subjected ; and they were 
in no degree related. The above twelve flowers thus crosseii 
all produced cs^psulcs, but these contained the low average of 
37^41 seeds per capsule, with a maximum in one of sixty-four 
seeds. It is surprising that this cross with a fresh stock did not 
give a much higher average number of seeds ; for, as we shall 
finmediately see, the plants raised from these seeds, which may 
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be called the London-cross&I, lieiiefited greatly by the cross, both 
in growth and fertility. 

The above three, lots of seeds were allowed to germinate on 
bare sand. Many oT the London-crossed germinated l)efore the 
others, and were rejected ; and many of the intercrossed later 
than those of the other two lots. The seeds after thus germina- 
i.ng were planted in ten pots, made tripartite by superficial 


Table XLVIT. 

Dlau th vs cvryophyll vs. 


No. ofl’ot. 

• 

Loiuldii-crossod 

Plants. 

1 

Intercrossed Plants. 

1 

S» If-fertlliHed 
JMunts. 


JndiPK. 

1 Inches. 

Inches. 

I. 

ipj-a 

25? 

29? 


■Ml 

21g • 

+ 

II. 



22? 


0 

: 

+ 

ri. 





+ 

25? 


JV. 


U 

30 



:j2 

24? 

- — 



■ • 

V. 


04 J 

+ 


0 

24 S 

+ 

VI. 

■Mf 

1 24? 

30g 



I 20 

24? 

VJl. ! 


1 205 

27? 

i 

1 

m 

1 26? 

27 

Vill. 

i 

29 

- ^ 



0 

+ 

IX. ! 


28 J 

+ ! 


0 • 

+ 

0 

X. 

•18 

28? 



:1L>J 

+ 

• 0 

Total ill inches, j 

525 -lo 

420-00 

265-50 j 
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divisions ; but when only two kinds of seeds germinated at the 
same time, they were planted on the opposite sides of other pots ; 
and this is indicated by blank spaces in one of the three columns 
in Table XL VII. An 0 in the tfible signifies that the seedling 
died before it was measured ; and a + signifies that the plant 
did not produce a flower-stem, and therefore was not measured. 
It deserves notice that no less than eight out oMhe eighteen self- 
fertilised plants either died or did not flower; whereas only 
three out of the eighteen intercrossed, and four ont of IJie twenty 
London-crossed plants, were in this prodi(*ament. self- 

fertilised plants had a decidedly less vigorous api>earance 
than tlio plants of the other two lots, their leaves being 
smaller and narrower. In only one pot did a s(*tf-fertilised plant 
flower before one of the two kinds of (*rossed plants, lietwoen 
which there was no marked difference in the i>eriotl of flowering. 
The plants were measured to the base of the calyx, after they 
had completed their gi-owth, late in the antninn. 

The average height of the sixteen London-crossed plants in 
the preceding table is 32*82 inches; that of the fifteen inter- 
crossed plants, 28 inches; and that of the ten self-tertiliscd 
plants, 2G*55. 

So that in height we have the following ratios 

The London-crossed to the self-fertilised as 1(X) to 81 
The London-crossai to the intercrossed as 100 to 85 
The intercrossed to the self-fertilised as 100 to 95 

These three lots of plants, which it should bo remembered 
were all derived on the mother-side from })lants of the third 
self-fertilised generation, fertilised in throe different ways, were 
left exposed to the visits of insccte, and their flowers were freely 
crossed by them. As the capsules of each lot became ripe they 
were gathered and kept separate, the empty or hid ones being 
thrown away. But towards the middle of October, when the 
capsules could no longer ripen, all were gathered and were 
counted, whether good or bad. The capsules were then crushed, 
and the seed cleaned by sieves anil weighed. For the sake of 
uniformity the results are given from calculation, as if there had 
Ijsen twenty i^ants in each lot. 

The sixteen London-crossed plants actually produced 286 
capsules; therefore twenty such plants would have produced 
357 '5 capsules; and from the actual weight of the seeds, the 
twenty plants would have yielded 4.62 grains weight of seeds. 
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The fifteen intercrossed plants actually produced 157 capsules ; 
therefore twenty of them would have produced 209*3 capsules, 
and the seeds would have weighed 208*48 grains. 

The ten self-fcrtilfscd plants actually produced 70 capsules ; 
therefore twenty of them would have productKl 140 capsules ; 
and the seeds would have weighed 153*2 grains. 

From these data we get the following ratios 

Nunihcr of cajisulcs pro lacad hy an equal number of plants of 
the three lots. 

Number of Capsules. 

The London-crossed to the self-fertilised, as l(Jf) to 39 
The London-crossed to the intercrossed, as 100 to 45 
The intercrossed to the self-fertilised, as 100 to 67 

Weiyht of seeds produced hy an equal number of plants of the 
three lots. 

WeiAjht of Seed. 

The London-crossed to the self- fertilised, as 100 to 33 
The London-crossed to the intercrossed, as 100 to 45 
The intercrossed to the self-fertilised, as 100 to 73 

We thus see how greatly the offspring from the self-fertilised 
plants of the third generation crossed by a fresh stock, had 
their fertility increased, whether tested by the number of cap- 
sules produced or by the weight of the contained seeds; this 
latter being the more trustworthy method. Even the offspring 
from the self-fertilised plants crossed by one of the crossed 
plants of the same stock, notwithstaiidiiig that both lots had 
been long subjoctccll to the same conditions, had their fertility 
considerably increased, as tested by the same two methods. 

In conclusion it may be well to repeat in reference to the 
fertility of these three lots of plants, that their fldwers were 
left freely exposed to the visits of insects and were undoubtedly 
crossed by them, as may be inferred from the large number of good 
capsules produced. These plants were all the offspring of the 
same mother-plants, and the strongly marked difference in their 
fertility must be attributed to the nature of the pollen employed 
in fertilising their parents ; and the difference in tlfc nature of 
pollen must be attributed to the different treatment to which 
the pollen-bearing, parents had been subjected during several 
previous generations. 

Colour of the The flowers produced by the self-fertilised 
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plants of the last or fourth generation were ns uniform in tint 
as those of a wild species, l)eing of a pale pink or rose colour. 
Analogous cases with Mimulus and Ipomoea, after several 
generations of self-fertilisation, have been already given. The 
flowers of the intercrossed plants of tlie fourth generation were 
likewise nearly uniform in colour. On the other hand, the flowers 
of the London-crossed i)lants, or those raised 'from a cross with 
the fresh stock whigli boro dark crimson flowers, varied extremely 
in colour, as might have been exi)ccted, and as is the general 
rule with seedling carnations. It deserves notice that o/jv two 
or three of dihe London-crossed plants produced dark crimson 
flowers like those of their nxthers, and only a Tory few of a pale 
pink like those of their mothers. The great majority had their 
I)etals longitudinally and variously striiHid with the two colours, 
—the groundwork tint lx)ing, however, in some cases darker 
than that of the mother-] »1 ants. 

XTT. IMALYACE^E.— IIinisciB apricanus. 

Many flowers on this Hibiscus were crossed with i)ollen from 
a distinct plant, and many othei*s were self-fertilised. A rather 
larger proportional numlxu’ of the crossed than of the self- 
fertilised flowers yielded capsules, and the crossed cai>sules con- 
tained rather more seeds. The self-fertilised seeds were a little 
heavier than an equal numl)cr of the crossed seeds, but they 
germinated badly, and J raised only four iflants of each lot. In 
three out of the four jfots, the crossci} plants flowered first. 


Table XLVHI. 
// ibiscufi afrit ait us. 


No. of Pot. 1 

Cross€*d Plants. 

Self-fortilised Plants. 


Jnehes. 

liichfs. 

J. i 

13 J 

IGj 

II. I 

U ‘ 

u 

I 

8 

7 

IV. 1 

1 


20j 

Total in inches, j 

53-00 

57-75 
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The* four crossed plants average 13*25, and the four self-fer- 
tilised 14*43 inches in height; or as 100 to 109. Here we have 
the unusual case of self-fertilised plants exceeding the crossed 
in height ; but onl^ four pairs were measured, and these did not 
grow well or equally. 1 did not compare the fertility of the two 
lots. 
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GeRANIACE.1:, IwEGI’MINOS-E, ONAGltACEit:, ETC. 

ty 

Pelargoiiium^zoDule, a cross behvecn ploTits propagated by cuttings 
does no good — Tropicoluin minus — Limnnntbes douglusii— Lujuuus 
luteiis and pilosus— IMiuseolus luultitlorus and vi^lgaris — Lutliyrus 
odoraius, varieties ot‘, never naturally inlereross in England — Pisuni 
sativum, vaiieties <»f, rarely intercross, but a cross between tlieni 
highly beneficial — Sarothamniis scoparius, wonderful effects of a 
cross — Ononis minutissima, cleistogene flowcjrs of— Summary on 
the Leguminosiu — (fiurkia eleg;ins — Bartonia auren — rassitlora 
gracilis — Apium petroselinum — Scalaosa atrnpurpurea — Lactuca 
sativa — SpcMMilaria speculum — la)bclia ramosa, advantages of a 
cross during two gcnciut ions — Lol)clia fulgeiis — Nemophila insignis, 
great advantages of a cro.''S— Borago ofiicinalis — Nolana prostrata. 


XIII. GEBANJACE-'E.— rELAUGONIi:M ZONAbE. 

This plant, as a gcjioral rule, is strongly i)roterandrous,* and 
is therefore adapted for cross-fertilisation by the aid of insects. 
Some flowers on a connnori scarlet variety were self-ljprtilised, 
and other flowers were crossed with ])«llen from anotlier plant; 
hut no sooner had T done so, tlian I remembered that these 
plants had been ])ropagated by cuttings from tlui sam() stock, 
and were therefore parts in a strict sense of the same individual. 
Nevertheless, having made the cross I resolved to save the seeds, 
which, after germinating on sand, w^ere i)lanted on the opposite 


t * Mr. J. Denny, a great raiser 
of new varieties of pelargonium.^, 
after fctating that tliis .species is 
protoraiidrous, adds (‘ 'J’he Florist 
and Pomologibt,* Jan. 1872, j». 11) 
“there are some varietie.s, espe- 
cidily those witli petals of a pink 
colour, or which iiossess a weakly 
constitution, where the pistil ex- 
j^ands as soon as or c^ven before 
the pollen-bag bursts, and in 


which also the pistil is frequently 
short, BO when it expands it is 
sm ^thered as it were by the 
bursting anthers; these vurioties 
are great seeders, each pip being 
feitilised by its own [Killen. I 
would instance Christine as an 
example of this fact. * We have 
here an interest in g case of va- 
riability in an iuiportAnt func- 
tional point. 
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sides of tlireo pots. In one pot the quasi-crossed plant was very 
soon and ever afterwards taller and finer than the self-fertilised. 
In the two other pots the seedlings on both sides were for a time 
exactly equal ; but tVhen the self-fertilised plants w’ere about 
10 inches in height, they surpassed their antagonists by a little, 
and evea* afterwards showed a more decided and increasing 
a Wantage ; so that the self-fertilised plants, taken altogether, 
were somewhat superior to the quasi-crossed plants. In this 
(rase, as in tliat of the Origanum, if individuals which have l)een 
asexu .|lly proiiagated from tlie same stock, and which have been 
long subjected to the same conditions, are crossed, ip advantage 
wliatever is gained. 

Several flowers on another plant of the same variety vrere 
fertilivsed with pollen from the younger flowers on the same plant, 
so as to avoid using the old and long-shed i^ollen from the same 
flower, as I thought that this latter might be less cfiicient than 
fresh j)ollen. Other flowers on the same plant were crossed with 
fresh pollen from a plant which, although closely similar, was 
known to have arisem as a distinct seedling. The self-fertilised 
seeds germinated rather l)efore the others ; but as soon as I got 
equal pairs they were iilanted on the opposite sides of four pots. 


Table XLIX. 

l*vl(tr(jon iu i/t zounla. 


No. <»f Pot. 

Crossed Plrtiits. 

Sclf-fcrtiliscil Points. 


Jiu’hcs. 

Inchoit. 

I. 


'.'ij 


lyg 


11. 

15 

19 § 


1--JS 

'■i-H 

jii. 

:!02 



18J 

n 

IV. 

38 


Total in inches. 

150*50 

1 116-38 


When the two lots of seedlings were between 4 and 5 inches in 
height they were equal, excepting in Pot IV., in which the crossed 
plant was much the tallest. When between 11 and 14 inches^ 
ifi height, they were measured to the tips of their, uppermost 
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leaves; the crossed averaged 13 *46, and the self-fertilised 11 '07 
inches in height, or as 100 to 82. Five months later they were 
again measured in the same ‘manner, and the results are given 
in the preceding table. 

The seven crossed plants now averaged 22 ‘35, and the seven 
self-fertilised 16 * 62 inches in height, or as 100 to 74. But from 
the great inequality of the several plants, the result is less trust- 
worthy than in most other cases. In Pot II. the two self- 
fertilised plants always had an advantage, except whilst quite 
young over the two crossed plants. / 

As I wished to ascertain how these plants would lichave 
during a second growth, they were cut down close to the ground 
whilst growing freely. The crossed plants noy showetl their 
superiority in another "way, for only one out of the seven w-as 
killed by the operation, whilst three of the self-fertilised plants 
never recovered. There was, therefore, no use in keeping any of 
the plants excepting tliosc in Pots 1. and III. ; and in the 
following year the crossed plants in these two pots showed during 
their second growth nearly the same relative superiority over 
the self-fertilised i»lants as l)efore. 

TKOPiBOLUM MINUS. 

The flowers are proterandrous, and are manifestly adapted 
for cross-fertilisation by insects, as shown by S]>reiigel and 
Delpino. Twelve flowers on some plants growing out of doors 
were crossed with pollen from a distinct idant and produ(*ed 
eleven capsules, containing altogether twenty-four good seeds. 
Eighteen flowers w^ere fertilised with their own pollen and 
produced only eleven capsules, containing twenty-two good 
seeds ; so that a much larger proiK)rtion of the crossed than of 
the sedf-fertilised flowers produced ca])sulcs, and the crossed 
capsules contained rather more seed than the self-fertilised in 
the ratio of 100 to 92. The seeds from the self-fertilised capsules 
were how^ever the heavier of the two, in the ratio of 100 to 87. 

Seeds in an equal state of germination were planted on the 
opposite sides of four pots, but oniy the two tallest plants on 
each side of each pot were measured to the tops of their stems. 
The pots were placed in the greenhouse, and tlic plants trained 
up sticks, so that they ascended to an unusual height. In three 
of the pots the crossed plants flowered first, but in the fourth 
at the same time with the self-fertilised. When the seedlings 
Vere between 6 and 7 inches in height, the crossed began to 
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sliow a slight advantage over their opi)ynents. When grown to 
a considerable heiglit the eight tallest crossed ])lants averaged 
44*43, and the eight tallest self-fertilised plants 37*34 inches, 
or as 100 to 84. \Vhcn their growth was com])leted they were 
again measureil, as shown in the following table : — 


Table L. 
Tvo}Hu&ulum minus. 


No. of I’ot. I 

OroBsed Blunts. 

Self-feililiBcd riunts. 


J nchos. 

Indies.^ 

i 

05 

31 

• i 

50 

45 

11. 1 

69 

42 

i 

35 

45 

1 

111. i 

70 

50 J 



.553 

IV. , 


571 


57 J 


Total in inches. 



467*5 j 

308-0 


The eight tallest crossed i)lants now averaged 58*43, and the 
eight tallest self-fertilised plants 40 inches in height, or as 100 
to 71). 

There was also a great difforenco in the fertility of the two 
lots w'liigh were leTt nneovered in the greenhouse. On the 17th 
of September the (!ai>sules from all the i.)lants were gathered, 
and tlie seeds coiuit<3d. The crossed plants yielded 243, whilst 
the same nnmljer of self-fertilised plants yielded only 155 seeds, 
or as 100 to 04. 


LiMNAITTHBS BOUGLASa. 

Several flowers >verc croWd and self-fertilised in the usual 
manner, but there was no marked diflercnce in the number of 
seeds which they yielded. A vast number of six)»taneously self- 
fertilised capsules were also i>roduced under the net. Seedlings 
were raised in five pots from the above seeds, and when tbe 
crossed w^cre about 3 inches in height they showed a sliglit 
advantage ovei* the self-fertilised. When double this height; tlu; 

L 
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sixteen crossed and sixteen self-fertilised plants were measured 
to the tips of their leaves; the former averaged 7*3 inches, and 
the self-fertilised 6*07 inches in height, or as 100 to 83. In 
all the ])6ts, excepting IV., a crossed plant' flowered before any 
one of the self-fertilised plants. The plants, when fully grown, 
weil^ again measured to the summits of their ripe capsules, with 
the* following result : — 


Table LI. 


Limnanthes dough t si /. 


1 

ofpot. 

Crossi d IMants. 

j 

J S4‘lf-fVTtiliM'ii Plant* 


Jnch«*.‘5. 

J nclie.s. 

I. 




17 5 

10 i 


Vo 

11 

If. 

iio 

1*12 


n-t 

155 


21 

I'iJ 



17 

Ilf. 

15§ 

lu 


17)1 

104 


U 

0 

IV. ; 

20 J 

1:14 


14 

l.'i 

; 

IS 


V. j 

37 

, 1*15 

1 

i«i 

1*1^ 

1 

1 

i^i 

iii5 

Total in inches. [ 

! 

270-50 

207-7.5 


'Hie sixteen crossed iilants now averaged 17*46, and the 
fifteen (for one had died) self-fertilised plants 13*86 inches in 
lieight, or as 100 to 79. Mr. Galton considers that a liigher ratio 
would be fairer, viz., 100 to 76. He made a graphical representa- 
tion of the above measurements, and adds the words “very 
good ” to the curvature thus formed. Both lots of jilants pro- 
^ iuced an abundances of seed-capsules, and, as far as couhl lie 
judged by tlie eye, there was no difference in their fertility. 
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XIV. LEGUMINOSiE. 

In this family I experimented on the following six 
genera, Liipinus, Plaiscjoliis, Latfiyrus, Pisum, Saro- 
thamnus, and Ononis. 

Lui'inus lutkus.* 

A few flowers were crossed with i)ol]en from a distinct plant, 
hut c^virif^; to the unfavourable season only two crossed seeds 
were jiroduccd. Nine seeds were saved from ftowers spon- 
taneously self-fertilised under a net, on the same i)lant which 
yielded tlie tw\» crossed seeds. One of these crossed seeds was 
sown in a pot with two self-fertilised seeds on the opposite side ; 
the latter came up between two and three days before the crossed 
seed. Tlui second crossed secid was sown in like manner with 
two self-fertilised seeds on the opposite side ; these latter also canu^ 
up about a day before the ciussed one. In both pots, therefore, 
the crossed seedlings from germinating later, w^en^ at first com- 
pletely beaten by the sell-fertilised ; iu;vcrtheless, this state of 
things w'lis afterwards comifletely reversed. The seeds were 
sowm late in the autumn, and the pots, which wore much too 
small, were kept in the greenhouse. The plants in consetpiencjt} 
grew badly, and the self-fertilised suflx'red most in lx)th p#ts. 
The two crossed plants wdien in flower during the following spring 
were 9 inches in height; one of the self-fertilised plants was 
8, and tlu^ thr(‘e others only 3 inches in height, being thus 
mere dwarfs. Th^ two cross(id plants j^rodneed thirteen pods, 
whilst the four self-fertilised plants produced only a single 
one. Some other self-tertilised j)lants which had been rais(*d 
scjiarately in larger pots i)roduced several spontaneously self- 
fertilised j)ods under a net, and seeds from these were used in the 
following experiment. 

Crossed and self -fertilised Plants of the Seeond Ceneratim. — The 


♦ The struetui-6 of the flower^s 
of this plant, and their nninner of 
fertilisation, have been described 
by H. Muller, ‘ Bofruchtuug,' &«•. 
p. 213. The flowers do not 
secrete free nectar, and bees gou- 
(irally visit them for tlieir pollen. 
Mr. Farrei*, however, remarks 


(‘Nature,’ 1872, p. 499) that 
“ there is a cavity at the back and 
base of the vexiflum, iti which# I 
have not been able to And nectar, 
lint the bees, which constantly 
visit these flowers, certainly go tn 
this cavity for wlmt they want, 
and not to tlie stamiual tube*.” 

L 2 
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spontaneously self-fertilised seeds just mentioned, and crossed 
seeds obtained by intercrossing the two crossed plants of the last 
generation, after germinating on sand, were planted in i)airs on 
the opposite sides of three large pots. Wlicn the seedlings werc^ 
only 4 inches in height, the crossed had a slight advantage 
over their opponents. When grown to their full height, every 
one of the crossed plants exceeded its opponent in height. 
Xevcrthclcss the self-fertilised plants in all thr(T pots flowen^d 
Wore the emssed! The measuremc'iits are givcni in the 
following table : — 


Tablk Id I. 


Lupin US lllfrus. 


>fo. of I*ot. 

Crossed Phiiits. 

S<df-fi*rt'lis«‘d Phiiits. 


Jnebos. 

liidiPH. 

I. 


24 -J 



18J 


:io 

28 

11. 

29 1 

20 


;>u 

25 

111. 

30 4 

28 


31 

27 5 


-K 

24 i 

Total in inches. 

240-25 

201-7.5 


The eight crossed plants here average 30-78, and the eight 
self-fertilised inches in height; or as lOQ to 82. These 

plants were left uncovered in the greenhouse to set their }>ods, 
but they produc(^d very few gf»od ones, ix?rhaps in part owing to 
ftiw bo(;s visiting them. The crossed jdants ])rodnccd nine pods, 
containing on an average 3*4 seeds, and the self-fertilised plants 
sciven pods, containing on an average 3 seeds, so that the seeds 
fi-om an (j(inal nunibcn- of ])lants were as 100 to 88. * 

Two other crossed see/llings, each with two sclf-fertilise(l 
st*cdlings on die opposite sides of the same largo ])ot, were 
turned out of their pots early in the season, without l)eiiig 
disturbed, into open ground of good quality. They were thus 
subjected to but little competition willi one another, in com- 
parison with the plants in the above three jxits. In the autumn 
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the two crossed plants were about 3 inches taller than the four 
sell-fertilised i)lants ; they looked also more vigorous and pro- 
duced many mor(3 pods. 

Two other crossed and s(ilf-fertilised seeds of the same lot, 
after germinating on sand, were ]dante<l on the o]^i)Osite sides of 
a largo j)ot, in which a Cal(*-<‘olaria had long been growing, 
and were therefore ex]josed to unfavourable conditions : the 
two ci'ossed ))lants ultimately attained a height of 20^ and 
2l) inches, wliilst the two scjlf-fertiliscd w^ere only 18 and 9i 
ineh^?s high. 

Lupinus Pll.OSUS. 

Eroni a series of accidents I was again unfortunate in obtaining 
a sufficient number of crossed sc^edlings ; and the following 
results would not iKi worth giving, did tlicy not strictly accord 
wdth those just given witli respect to L, hfteas, 1 raised at first 
only a single crossed s(‘edling, which -svas ])laced in competition 
with twi) self-fertilised ones on the opposite side of the same 
]iot. These i)lants, without l)eing disturl)ed, were soon afha- 
wards turned into tlie ojien ground. By tJie autumn tlie crossed 
l)lant had grown to so large a size tliat it almost smothered 
the two self-fertilised plants, which were mere dwarfs; and 
the latter died without maturing a single pod. Several sidf- 
fertilised seeds had iKion planted at the same time scpa)a>-tely 
in the 01)011 ground; and the two tallest of these were 33 and 
32 inches, whereas the one <Tossod jilant was 38 inches in height. 
This latter ])lant also pnxluced many more pods than did any 
one of the self-fertilised plants, although growing seimratcly. A 
few flowers on tfie one crossed jilant were crossed with iiolleii 
from one of the self-fertilised plants, for I had no other crossed 
plant from which to obtain iK)llen. One of the self-fertilised 
plants liaviiig been covered by a net produced x>lcnty of siioii- 
taneousJy self-fertilised i)ods. 

Crossed undself-J'vrtilistd lUavlso/tJte Secmid Generation , — From 
crossed and self-fertilised seeds obtained in the manner just 
described, I succeeded in raising to maturity only a pair of 
jilants, which wTre kept in a pot in the greenhouse. The crossed 
plant grew to a height of 33 inches, and then self-fertilised to 
that of 2Gi inches. The former produced, whilst still kept in 
the greenhouse, eight pods, containing on an average 2 '77. seeds; 
and the latter only two pods, containing on an average 2*Ji 
seeds. The average height of the two crossed plants of the two 
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generations taken together was 35*5, and that of the three self- 
fertilised plants of the same two generations 30*5; or as 100 
to 86.* 


Phaseouts multiflorus. 

This plant, the scarlet-rnnner of English gardeners and the 1\ 
roccincus of Lamarck, originally came fiv)iii MtJxico, as 1 am in- 
formed by Mr. Bent ham. Tlie flowers are so constructed that 
hive and humble-bees, which visit tlioin incessantly, almost always 
alight on the left wing-petal, as they can l)cst suck tlu^ nectar 
from this side. Their weight and movements depress tlu; petal, 
and this causes the stigma to protrude from the spirally-wound 
keel, and a brush of hairs round tlie stigma puslies out the itollen 
liefore it. The i>ollen adheres to the head or proboscis of the 
bee which is at work, and is thus placed either on the stigma 
of the same flower, or is carried to another flower, t Several 
> ears ago I covered some plants under a large net, and these 
produced on one occasion about one-third, and on anotlier occa- 
sion about one-eighth, of the number of pods which the same 
numl)er of uncovered j)lants growing close alongside produced.^ 
Tills lessened fertility was not caused by any injury from the 
net, as I moved the wing-petals of several protected flowers, in 
the same manner as bees do, and these produced remarkably 


* ' We liei e see that both Lupi- 
mi8 lutevs and piloeus seed freely 
wiien iiisoetd are excluded ; but 
Mr. Swale, of Christchurch, in 
New Zealand, informs mo (see 
‘Gardeuers* Chronicle/ 1858, p. 
82S) that the gar<lcn varieties of 
the lupine are not there visited hy 
any l^ees, and that they t>eed less 
freely than any other introduced 
lej'uininous plant, with the exeep- 
tio!i of red clover. He adds, ‘‘ I 
Ciavi*, for amusemimt, during the 
summer, release<l the stamens with 
u pin, and a pml of seed has always 
rewaided me for my trouble, the 
adjoining flowers not so served 
having all proved blind.” I do 
not ^ know to what species this 
statement rofcis. 

t The flowers have lieen de- 
i^Gribed by Delpino, and in un 
admirable manner by Mr. Farrer 


in the ‘Annals anti Mag. of Nat. 
Hist.’ vol. ii. (4th scries) Oct. 
18<>8, p. 250. My son Francis 
has explained (‘ Nature, * Jun. 8, 
1874, p. 18‘d) the use of one pecu- 
liarity in their- structure, namely, 
a little vertical projection on the 
single fn^e stamen near its base, 
which seems placed as if to guai d 
tlie entrance into the tw^o nectar- 
lioles in the staminal sheath. 
He shows that this projection pre- 
vents the bees reaching the nectar, 
unh'ss they go to the left side of 
the 'flower, and it is absidutely 
necessary for cross-fertilisation 
that tliey should alight on the 
left wing-petal. 

X ‘ Gaidenefs’ Chronicle,* 1857. 
p. 725, and more especially ibidi 
1858, p. 828. Also ‘Annuls and 
Mag. of Nat. Hist.' 3rd series, 
vol. ii. 1858, p. 462. 
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fine pods. When the net was taken off, the flowers were imme- 
diately visited by bees, and it was interesting to observe how 
quickly the plants became covered with young pods. As the 
flowers are much frequented by Thrips, the self-fertilisation of 
most of the flowers under the net may have l)een due to the action 
of these minute insects. Dr. Ogle likewise covered up a large 
portion of a plant, and '' out of a vast number of blossoms thus 
protected not a single one produced a pod, yrhile the unprotected 
blossoms were for the most part fruitful.” Mr. Belt gives a 
more jurious case ; this ijlant grows well and flowers in Nicaragua ; 
but as none of the native bees visit the flowers, no^a single pod 
is ever produced.* 

From the facts now given we may feel nearly sure that 
individuals of the same variety or of different varieties, if growing 
near each other and in flower at the same time, would inter- 
cross ; but I cannot myself advance any direct evidence of such 
an occurrence, as only a single variety is commonly cultivated in 
England. 1 have, however, received an ac(;ount from the Rev. 
W. A. Leighton, that plants raised by him from ordinary seed 
produced seeds differing in an extraordinary manner in colour 
and shape, leading to the l)elief that their parents must have 
been crossed. In France M. Fermond more than once planted 
close together varieties which ordinarily come true and which 
bear differently coloured flowers and seeds; and the offs 2 )yng 
thus raised varied so greatly that there could hardly 1)6 a doubt 
that they had intercrossed.f On the other hand, Professor H. 
Hoffmann :|; does not believe in the natural crossing of the 
varieties ; for alth<}ugh seedlings raised from two varieties growing 
close together produced plants which yielded seeds of a mixed 
character, he found ^t this likewise occurred with plants sei)a- 
ratod by a space of fi’om 40 to 160 paces from any other variety ; 
he therefore attributes the mixed character of the seed to sponta- 

* Dr, Ogle, ‘ Pop. Science Re- proper manner, 
view,’ 1870, p. 108. Mr. Belt, t ‘Fecondation chez Ics Vegc- 
‘ The Naturalist in Niojira^a,’ tiiux,’ 1859, pp. 34-40. He adds 

1874, p. 70. The latter author that M. Yilliers has described a 

gives a case Nature,* 1875, spontaneous hybrid, which he 

p. 26) of a late crop of JP. wu2t«- culls P. coceine^a hyhridm, in the 

fiorua near London; which *' was * Annalcs de la Soc. R. de HArti- 

reTidered barren** by the humble- culture,* June 1844. 

hoes cutting, as they frequently { * Bestimmung dos Werthes 
do,holesat the bases of the flowers von Species uud Varietat,* 1861^ 

instead of entering them in the pp. 47-72. 
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neons variability. But the above distarce would bo very far from 
sufficient to ]>revent intercrossing: cabbages have been known to 
cross at several times this distance; and the careful Gartner* 
gives many instances of plants growing at from 600 to 800 yards 
apart fertilising one another. Professor Hoffmann even in.aintains 
that the flowers of the kidney-liean are sjKHiially adapted for 
self-fertilisation. He enclosed several flowers in bags ; and as 
the buds often dropped off, he attributes the partial sterility of 
these flowers to the injurious effects of the bags, and not to the 
exclusion of insects. But the only safe method of cxy>crimfnting 
is to cover up a whole plant, wdiich then never suffers. 

Self-fertilised seeds wore obtained by moving uj) and down in 
the same manner as Ixjes do the wing-petals of flowers protected 
by a net ; and crossed seeds were obtained by crossing two of the 
plants under the same net. Th(‘ seeds after germinating on sand 
w'ere planted on the opposite sides of two large }>ots, and etpial- 
sized sticks were given them to twine uj). When 8 inches 
in height, the plants on the two sides were equal. The crossed 
plants flowered l)efore the self- fertilised in lx)th pots. As soon 
as one of each pair had grown to the summit of its stick both 
were measured. 

Table LIU. 

I *h aticol US mnli ijl or u s. 


Xo. of l‘ot. 

Cros'<*(l PldiiiB. 

Sflf-fiTtilisi'il IMants. 


IiicIh'S. 

lurhrs. 

I. i 

87 

84 

1 

88 


■' i 

.8-'l . 

70 

' i 

9u 

• 76J 

! 

m 

87 1 

Total in inches. ! 

430 -UO 

411'7a 


The average height of the five crossed plants is 86 inches, and 
that of the five self-fertilised plants 82*35 ; or as 100 to 96. The 
pots were kept ^in tlie greenhouse, and there was little or no 
difference in the fertility of the two lots. Therefore as far as 
these few observations serve, the advantage gained by a cross is 
very small. 

‘ ‘Keimtniss der Befruchtung,* 1844, pp. 573, 577. . . 
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PHASEOIiUS VULGABIS. 

With respect to this sj^ccies, I merely ascertained that the 
flowers were highly fertile when insects were excluded, as indeed 
must he the case, for the plants are often forced during the 
winter when no insects arc present. Some plants of two varieties 
(viz., Canterbury and Fulmer s Forcing Bean) were covered with 
a- net, and they seemed to produce as many pods, containing as 
many Iw^ans, as some uncovered plants gi*owing alongside ; but 
neither the j)ods nor the beans were actually counted. This 
difference in self-fertility Ixitwcen P. vahjaris and yiultijiorus is 
remarkable, as these two species are so closely related that 
Linna3us thought tl lat they formed one. When the varieties of P. 
vifffiarift grow near one another in the open ground, they some- 
times cross largely, notwithstanding their capacity for self- 
fertilisation. Mr. Coe has given me a remarkable instance of 
this fact with respect to the negro and a white-seeded and 
a brown-seeded variety, which were all grown together. The 
diversity of charaitter in the seedlings of the second generation 
raised by me from his i)lants was wonderful. 1 could add other 
analogous cases, and the fact is well known to gardeners.* 

Lathyrus odoratus. 

Almost everyone who has studied the stnicture of pit^i- 
lionaccous iTowers has been convinced that they are specially 
adaiffed for cross- fertilisation, although many of the species are 
likewise capable of self-fertilisation. The case therefore of 
Lathyrus odvraU^ or the sweet-pea is curious, for in this 
country it seems invariably to fertilise itself. I conclude that 
this is so, as live varieties, difTering greatly in the colour of their 
flowers but in no other respec.t, are commonly sold and come 
true ; yet on inquiry from two great raisers of seed for sale, I 
And that they take ]io precautions to insure purity— the five, 
varieties l)eing habitually grown close together.f I have myself 
purjwsely made similar triftls with the same result. Although 
the varieties always come true, yet, as we shall presently see, one 

* I have given Mr. Coe’s case tnre,’ 1872, p, 242. to the fame 
in the * Gardeners' Chronicle/ effect. He once, however, saw 
1858, p. 821). See also for another hoes visiting the flowers, and Tsup- 
ense, ibid. p. 845. posed that on this occasion tlii js 

t See Mr. W. Earley in ‘ Na- would have been intercrossed. 
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of the five well-known varieties occasionally gives birth to another, 
which exhibits all its usual characters. Owing to this curious 
fact, and to the darkcr-cx)loured varieties iKjing the most pro- 
ductive, these increase, to the exclusion of the others, as I was 
informed by the late Mr. Masters, if there be no selection. 

In order to ascertain what would be the cifoct of crossing two 
varieties, some flowers on the Purple sweet-pea, which has a 
dark reddish-purple standard-petal wdth violet-coloured wing- 
petals and keel, were castrated whilst very young, and were 
fertilised with pollen of the Painted Lady. Tliis latter variety 
has a palg c\herry-coloured standard, with almost white wings 
and keel. On two occasions I raised from a flower thus crossed 
plants perfectly resembling lx)th parojit-forms ; but the greater 
numlier resembled the paternal variety. So ix-rfect was the 
resemblance, that I should have suspected some mistake in the 
lalHjl, had not the plants, w-hich were at first identical in appear- 
ance with the father or I 'ainted Lady, later in the season produced 
flowers blotched and streaked with dark purple. This is an in- 
teresting example of partial reversion in the same individual 
plant as it grows older. The purple-flowered j)lants were throwrn 
away, as they might possibly have been the product of the 
accidental self-fertilisation of the mother-plant, owing to the 
castration not having been effectual. But the plants w-hich 
resembled in the colour of their flowers the paternal variety or 
Painted Lady were preserved, and their scicds saved. Next 
summer many plants were raised from these seeds, and they 
generally resembled their grandfather the Painted Lady, but 
most of them had their wung-fK^tals streaked and stained with 
dark pink ; and a few had pale purple wings with the standard 
of a darker crimson than is natural to the Painted l^ady, so 
that they formed a new sub-vaiiety. Amongst these plante 
a single one appeared having purple flow’ers like those of tho 
grandmother, but with the i>etals slightly streaked with a paler 
dint : this was thrown away. Seeds were again saved from tho 
foregoing plants, and the scodliiigs thus raised still resembled 
the Painted La(ly, or great-grandfaftier ; but they now varied 
much, the standard petal varying from pale to dark red, in a 
fevj instances with blotches of white ; and the wing-petals varied 
from nearly white to purple, the keel being in all nearly white. 

As no variability of this kind can be detected in plants raised 
from seeds, the parents of which have grown during many suc- 
cessive generations in close proximity, we may infer tliat they 
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cannot liave intercrossed. What docs occasionally occur is that 
in a row of plants raised from seeds of one variety, another 
variety true of its kind aj^pcars ; for instance, in a long row of 
Scarlets (the seeds of which had been carefully gathered from 
Scarlets for the sake of this experiment) two Purples and ono 
Painted Lady appeared. Seeds from these three aberrant plants 
were saved and sown in separate beds. The seedlings from both 
the Purples were chiefly Purples, but with some Painted Ladies 
and some Scarlets. The seedlings from the al)errant Painted 
Lady were chiefly Painted Ladies with some Scarlets. Each 
variety, whatever its parentage may have been, retailed all its 
characters perfect, and there was no streaking or blotching of 
the colours, as in the foregoing plants of crossed origin. Another 
variety, however, is often sold, which is striped and blotched 
with dark purple ; and this is probably of crossed origin, for 1 
found, as well as Mr. Masters, that it did not transmit its 
characters at all truly. 

From the evidence now given, we may conclude that the 
varieties of the sweet-jica rarely or never intercross in this 
country ; and this is a highly remarkable fact, considering, firstly, 
the general structure of the flowers ; secondly, the large quantity 
of pollen produced, far more than is requisite for self-fertilisation ; 
and thirdly, the occasional visits of insects. That insects should 
sometimes fail to cross-fertilise the flowers is intelligible, for,I 
have thrice seen humble* Injes of two kinds, as well as hive-lKjes, 
sucking the nectar, and they did not depress the keel-petals so 
as to expose the anthers and stigma ; they were therefore quite 
inefficient for fertilising the flowers. One of these bees, namely, 
llombm htindariusj stood on one side at the base of the standard 
and inserted its prolx)scis beneath the single separate stamen, as 
1 afterwards ascertained by opening the flower and finding this 
stamen prised up. Bees are forced to act in this manner from 
the slit in the stamiual tube being closely covered by the broad 
membranous margin of the single stamen, and from the tube 
not being perforated by nectar-passages. On the other hand, 
in the three British species of Lathyrus which 1 have examined, 
and in the allied genus Yicia, two nectar-passages are present. 
Therefore British bees might well be puzzled thow to act in 
the case of the sweet-pea. 1 may add that the staminal tube 
of another exotic species, Lathyrus grandifloru^», is not per- 
forated by nectar-passages, and this species has rarely set any 
pods in my garden, unless the wing-petals were moved up and 
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down, in the same manner as l)ees ought to do ; and then pods 
were generally formed, hut from some cause often drojipcd off 
afterwards. One of my sons caught an elephant spliinx-moth 
whilst visiting the tlowei’s of the swoet-i)ca, but this insect w^mld 
not depress the wing-petals and keel. On the other hand, I have 
seen on one occasion hive-l»ees, and two or three occasions the 
Mcguchilc %uilhnjhhieUii in the act of depressing the keel; and 
these 1 h3cs had the under sides of theii* lK>dies thickly covered 
with pollen, and could not thus fail to carry polh‘n from one 
flower to the stigma of anotluii-. AVhy then do not the varieties 
oceasionallyr intca-cross, though tliis would not often happen, as 
insects so rarely act in an eflicieiit manner ? The fact cannot, as 
it appears, ha ex])lainod by the flowers King gwlf-fertilised at a 
very early age; for although nectar is sometimes secreted and 
'"^x)llcn adheres to the viscid stigma In'fore the flowers are fully 
expanded, yet in five young flowei's whicli were examined 
by me the pollen-tubes were not exserted. Whatever the cause 
may be, we may conclude, that in England tlie varieties never or 
very rarely intercross. But it does not follow trom this, that 
they would not be crossed by the aul of otlicr and large]* insects 
in their native country, which in botanical works is said to be 
the south of Europe and the East Indies, Accordingly I wrote 
to Professor Delpino, in Florence, and be informs me “ that it is 
tlie fixed opinion of gardeners tliere that tlie varieties do inter- 
cross, and that they cannot 1)C preservi'd i)urc unless they are 
sown separately.” 

It follows also from the foregoing facts that tlu* several varitdies 
of the sweet-pea must havc! 2 »ropagated tliemselves in England 
by self-fertilisation for vtuy many generations, siiiee Iho time 
when each new variety ^ir^t a])|)eared. From the analogy of the 
plants of Miinulus and IjwmcEa, which bad been self-fertilised 
for several generations, and from trials previously mode with 
the common pea, which is in nearly the same state as the sweet- 
• pea, it ai)X)cared to me very improbable that a cross l>etwoen the 
individuals of the same variety would benefit the offspring. A 
cross of this kind was thend’orc not tried, which I now regret. 
But some flowers of the Painted Lady, castrated at an early 
age, wore fertilised with pollen from the Purple sweet-pea; and 
it should be remcmbeiv'd that these varieties differ in nothing 
except in the colour of their flow’ors.^ The cross was manifestly 
r. effectual (though only two seeds were obtained), as w^as shown 
by the two seedlings, when they flowered, closely resembling 
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their father, the Purjile j)ea, excepting that they were a little 
ligliter coloured, with tlujir keels slightly streaked with pale 
pur 2 )lo. Seeds from flowers siiontaiieoiisly self-fertilised under a 
net were at the same time saved from the sam(! mother-plant, the 
Painted Lady. These seeds unfortunately did not germinate on 
sand at tlie same time with the crossed seeds, so that they could 
iiot be planted simultaneously. One of the two crossed seeds in 
a state of germination was planted in a pot (No. I.) in which a 
self-fertilised seed in the same state had been ] Wanted four days 
before, so tliat this latter seedling had a great advantage over 
the crossed one. In Pot II. the other crossed seed^was i)lanted 
two da}s before a self-fertilised one; so that here the crossed 
seedling had a (jtmsiderable advantage over the self-fertilised one. 
But this crosstid seedling had its summit gnawed off by a slug, 
and was in consequence for a time quite beaten by the self- 
fertilised i)huit. Nevertheless I allowed it to remain, and so 
great was its constitutional vigour that it ultimately beat its un- 
injured self-fertilised rival. When all four })lants were almost 
fully grown they were measured, as here shown : — 


Table LIV. 
Laihyrm odornlns. 


No. of Pol. 

iTrosso*! Plants. 

.Sr'ir-fiTtillsed Plants, 


IiicIms. 

Inches. 

I. 

SO 

. s 

11.. 

783 ' . 

Total in inches. 

i 

i:>8-5 

127*5 


The two crossed jilants hero average 79*25, and the two self- 
fertilised G3*75 inches in height, or as 100 to 80. Six flow’ers om 
these two crossed j)lants wore reciprocally crossed with pollen 
from the other plant, and tlio six iK>d8 thus produced contained 
on an average six peas, with a maximum in one of seven. Eigh- 
teen spontaneously self-fertilised pods from th^ Painted Lady, 
which, as alreaily stated, had no doubt been self-fertilised* for 
many previous generations, contained on an average only 3*93 
peas, with a maximum in one of five peas; so that the numl>ej 
of peas in the Crossed ahd self-fertilised pods was as 100 to 65. 
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The self-fertilised peas were, however, quite as heavy as those 
from the crossed pods. From these two lots of seeds, the plants 
of the next generation wore raised. 

Plants of the Second Ocheration, — Many of the self-fertilised 
l^eas just referred to germinated on sand before any of the 
crossed ones, and wore rejected. As soon as I got equal i>airs, 
they were planted on the oj)i)osite sides of two large pots, which 
were ke])t in tlie greenhouse. The seedlings thus raised were the 
grandchildren of the Painted Lady, which was first crossed by 
the Purple variety. AVhen the two lots \vere from 4 to 6 inches 
in height thf.ve was no difference l)etweeTi them. Nor was tliere 
any marked diffca-eiice in the i)criod of their flowering. When 
fully grown they were imasurcd, as follow.^ : — ,, 

Table LV. 


Lafhyrus odomfos (^Second Gmvratiou). 



.So<*dliiics fr<»ni Plants Si-pdlincs from PlantH 


crosN'd tliiring tin* 

iluriiiK 


two previous Oem'iu- 

many pivvinus 


tloh*». 

(iPiUTation.s. 


liuhrs. 

lnrh»>8. 

1 . 


:>7 5 


71 

07 



f,6ji 

11 . 





;i85 


hh 

40 

Total in inche-s. 


,‘i;{i*80 


The average height of the six crossed plants is here G2*91, and 
that of tlie six self-fertilised 55*31 imfljes ; or as 100 to 88. There 
was not much difference in the fertility of the two lots ; the 
‘crossed ])lants having produced in the greenhouse tliirty-five 
pods, and the self-fertilised thirty-two ])ods. 

Seeds were saved from the self-fertilised flowers on these tw'o 
lots of plants, for the sake of ascertaining whether the seedlings 
thi^ raised would inherit any difference in growth or vigour. 
It must therefore Ik*, uiuha’stood that both lots in the following 
trial are plants of scjlf-fertilistd parentage ; but that in the onci 
Jot the plants were the children of plants whi(rh had l)een crossed 
dnrijig two previous generations, having been before that self- 



CHAPf V. 


LATHYRUH ODORATUS. 


159 


fertihscd for many generations; and that in the other lot they 
were the cliildren of plants which had not been crossed for. very 
many previous generations. The seeds genninated on sand and 
were ] planted in pairs on the opjwsite sides of four pots. They 
were measured, wlicii fully grown, with the following rifsult : — 


Table LVI. 
Lathyrns odomtftK, 



The average lieight of the seven self-fertilised i>lants, the off- 
spring of crossed i)lants, is 71 ’57, and that of the seven self-fcr- 
tilisi^d plants, the ofTsyn’ing of self-fertilised plants, is G4’57 ; or 
as 1(,K) to DO. The self-fertilised plants from the self-fertilised 
]>rodneed rather more pods — viz., thirty-six — than the s(ilf-fer- 
tilised plants from the crossed, for these produced only thirty-one 
pixls. 

A few steeds of the sana(‘- two lots were sown in the opposite 
corners of a large box in which a Brugmansia had long been 
growing, and in which tlic soil was so exhausted that seeds of* 
Jpomwa purinirm would hardly vegetate ; yet tlui two plants of 
the sweot-i>ca which were raised flourished well. For a long 
time the self-fertilised plant from the self-fertilised beat the self- 
fertilised plant from the, crossed plant ; the tbrmar flowered fijjst, 
and was at one time 771 inches, whilst the latter was only 681 in 
height; but ultimately the plant from the previous cross showed 
its superiority and attained a height of 108] inches, whilst the% 
other was only 95 inches. I also sowed some of the same two 
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lots of seeds in poor soil in a shady place in a slirublwry. Here 
again tho self-fertilised plants from the self-fertilised for a long 
time exceeded considerably in height those from the previously 
crossed* plants; and this may probably be attributed, in the 
present as in the last case, to these seeds having germinated 
rather ’Sooner than those fiom the crossi^d plants ; but at the 
close of the season the tallest of the self-fertilised j Hants from 
the crossed plants was 30 inches, whilst the tallest of the siHf- 
fertiliscd from the self-fertilised was inches in height. 

From the various facts now given we see that plants derived 
from a croas^betwoon two varieties of the swect-j)ea, wliieli difftT 
in no respect except in tht^ colour of their flow(‘rs, excet‘d 
considerably in height the oifsjiring from self-fertilised plants, 
both in tho first and second generations. The crossed plants 
also transmit their superiority in height and vigour to their 
self-fertilised oiisi)ring. 


PiSUM SATIVUM. 

The common pea is ])erfoctly fertile when its flowers are i>ro- 
tected from the visits of insects; I ascertained this with two or 
three ditferent varieties, as did Dr. Ogle with another. But tlm 
flowers are likewise adapted for cross-fertilisation; Mr. Farrer 
si)ecifics* the following j)oints, namely : “ The ojxm blossom dis- 
playing itself in the most attractive and convenient i)ositioii for 
insects; the coiisiucuous vexillum; the wings forming an alight- 
ing jHace; the attacliincnt of the wdugs to the k(?el, by which 
any body pressing on the former must j)ross down the hitler ; 
the staminal tube enclosing nectar, and affordhig by meaiis of its 
])artially free stamen with a))ertures on each side of its base an 
open j)assage to an insect seeking the nectar; tho moist and 
sticky pollen placed just where it will l)c swept out of the apex 
of the keel against the entering insect; the stiff elastic style so 
placed that on a pressure l)ciDg a})plied to the kei?l it will be 
liushed uj) wards out of the keel; the hairs on the stylo placed 
on that side of the style only on which there is s}ja(Jo for the 
pollen, and in such a direction as to sweep it out; and the 
stigma so i)laced as to meet an entering insect,— all these 
befiome correlated i>art8 of one elaborate mechanism, if w’o 

* ‘Nature,* Oct. 10, J872, p. description of the flowers, ‘Be* 
479. H. Muller gives an elaborate fruchtung,* &c. p. 247. 
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suppose that the fertilisation of these flowers is effected by the 
carriage of pollen from one to the other.” Notwithstanding these 
manifest provisions for cross-fertilisation, varieties which have 
Ijecn cultivated for very many successive generations in close 
])roxiniity, although flowering at the same time, remain pure. I 
have elsewhere * given evidence on this head, and if required 
eoiild give more. There can hardly be a doubt that some of 
Knight’s varieties, which were originally produced by an artificial 
cross and were very vigorous, lasted for at least sixty years, and 
during all these j’^ears were self-fertilised ; for had it been other- 
wise, they would not have kept true, as the seve^l varieties 
are generally grown near together. Most of the varieties, liow- 
cver, endure for^a shorter i)eriod ; and this maybe in part doe 
io their weakness of constitution from long-continued self- 
fertilisation. 

It is remarkable, considering that the flowers secrete much 
nectar and afford much pollen, how seldom they are visited by 
insects either in England or, as II. Miillcr remarks, in North 
(Germany. I have observed the flowers for the last thirty years^ 
and ill all this time have only thrice seen bees of the proper kind at 
work (one of them being Bomhm mimoriim), such as wore suf- 
ficiently powerful to depress the keel, so as to get the undersidc^s of 
their bodies dusted with pollen. I'hese lx)es visited several flowers, 
and could hardly have failed to cross-fertilise them. Hive-lwQS 
and other small kinds sometimes collect pollen from old and 
already fertilised flowers, but this is of no account. The rarity 
of the visits of eflunent bt^us to this exotic plant is, I believe, the 
chief cause of the varieties so seldtmi intercrossing. That a 
cross does occasioiuilly tnk(' jilacc, as might bo expected from what 
has just been stated, is certain, from the rocoi’ded cases of the dircet 
action of the pollen of one variety on tlic seed-coats of another, t 
The late Mr. Masters, who particularly attended to the raising of 
new varieties of ])eas, was convinced that some of them had 
originated from accidental crosses, Put as such crosses are ^ 
rare, the old varieties would not often l>c thus deteriorated, more 
especially as plants dci)arting from the projwr typo are generally 
rejected by tliose who collect seed for sale. There is another 
cause which probably tends to render cross-fertilisatio.n rary, 

* ‘Variation of Animals and t *Var. under Domestication,* 
Plants under Domestication,,’ chap, xu 2nd edit. vol. i. p. 428. \ 

chap. ix. 2nd edit. vol. i. p. 348, 

M 
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namely, the early ap;e at which the pollen-tubes are citserted ; 
eif 2 :lit flowers not fully exi)anded were examined, and in seven of 
these the ])ollen-tul)es were in this state; but they had not as 
yet penetrated the stigma. Although so few insects visit the 
flowers of the pea in this country or in North Germany, and 
although the anthers seem here to open abnormally soon, it does 
not follow that the siiecies in its native country would be thus 
rircumstaneed. 

Owing to the varieties having been self-fertilised for many 
generations, and to their having lieen subjected in each genera- 
tion to nearly the same conditions (as will be explained in a 
future chapter), I did not ex|K‘ct that a cross between two such 
plaids would benefit the oflspring ; and so it prov(;d on trial. In 
18G7 I covered up .several ]>lants of the f]arly Emperor pea, w’hich 
was not then a very new variety, so that it must already have 
lieen propagated by self-fertilisation for at least a dozen genera- 
tions. Some flowers were crossed with ])ollen fi’om a distinct 
jjlant growing in tlic same row, and others wxtc allow'ed to 
fertilise themselves nndei* a net. The two lots of seeds thus 
obtained were sown on ojijiosite .sides of two large jiots, but only 
four pairs came uj) at the same time. The pots wore kept in the 
greenhouse. The seedlings of l>oth lots when between 6 and 7 
inches in height wcjre orjnal. When nearly full-grown they 
were measured, as in the following table 


Taijle LVII. 
Pimm 


Xo. of Pot. 


S<‘lf-l«.Tti list'd Plants, 

1 

liicliOH. 


I. • 

! 



1 

11. : 

s 1 

51 

1 

:3.-, 

4.7 


:>7 ! 

53 

Total in incho.s. j 

x;J8*5u 

1 158 *70 


The average height of the four crossed plants is here 34*6'i 
and that of the four s(jlf-fertilised plants 39*68, or as 100 to 115. 
^ So that the crossed jilants, far from beating the self-fertilised, 
were completely beaten by them. 
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Thoite can be no donbt that the result would have been 
widely different, if any two varieties out of the numberless ones 
which exist had been crossed. Notwithstanding that both had 
been self-fertilised for many previous generations, each would 
almost certainly have possessed its own peculiar constitution; 
and this degree of differentiation would have been sufficient to 
make a cross highly l)eneficial. I have spoken thus confidently 
of the benefit wliich would have been derived from crossing any 
two varieties of the pea from the following facts: Andrew 
Knight in speaking of the results of crossing reciprocally very 
tall and short varieties, says,* "1 liad in this ^periment a 
striking instance of the stimulative eft\?ctsof crossing the brtieds ; 
for the smallest variety, whose height rarely exceexied 2 feet, 
was increased to G feet; whilst the height of the large and 
luxuriant kind vras very little diminished.” Recently Mr. Laxtoii 
lias made numerous crosses, and everyone has been astonished at 
the vigour and luxurianci* of the new varietie s which he has thus 
raiseil and afterwards fixed by selection. Ht‘ gave me seed-peas 
[iroduced from crosses between four distinct kinds; and tlie 
plants thus raised were extraordinarily vigorous, Ixang in each 
case from 1 to 2 or even 3 fact taller than the parent-forms, 
which wen; raised at the same time close alongside. But as 
I did not m(?asnre their actual height 1 cannot give the exact 
ratio, but it must liavc Ix^cn at least as 100 to To. A similar 
trial w'as subsequently made with two other jieas from a different 
cross, and tlie result was nearly the same. I’\)r instance, a crossed 
seedling between the ]Maple and rurple-poddod pea was planted 
in i)oor soil and jy-ew to the extraordinary height of IIG inches; 
whereas the tallest i»lant of either parent variety, namely, a. 
Purple-podded ])ea, was only 70 inches in height; oras 100 tot»(>. 

Sauotiiamxus si’orAiiies. 

Bees incessantly visit the flowers of the common Broom, and 
these are adapted by a curious mechanism for cross-fertilisation. 
When a bee alights on tbt^ wdng-p(*tals of a young ffinver, the 
keel is slightly oixmed and the short stamens spring out, whiidi 
ruh their ])ollen against tli'e alxlomen of the bee. If a ratiu'r 
older flower is visited for the first time (or if the*bee exerts gwat 
force on a younger flower), the keel oj>ens along its wbohi 
length, and the longer as well as the shorter stamens, together 

* ‘Philosophical Transactions,' p. 200. 

M 2 
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with the much elongated curved pistil, spring forth with violence. 
The flattened, spoon-like extremity of the pistil rests for a time 
on the back of the bee, and leaves on it the load of pollen with 
which it is charged. As soon as the bee flies away, the pistil 
instantly curls round, so that the stigmatic surface is now up- 
turned and occupies a |X)sition, in which it would lie rubbed 
against the abdomen of another bee visiting tlie same flower. 
Thus, when the pistil first escapes from the keel, the stigma 
is rublied against the back of the bee,* dusted with ]>()llen 
from the longer stamens, either of the same or another flower; 
and afterwards against the low’er surface of the bee dusted 
with }x>llen from the sliorter stamens, which is often shed a 
day or two before that from the longer stamens. • By this 
mechanism cross-fertilisation is rendered almost inevitable, and 
we shall immediately see that 2X)llcn from a distinct jilant is 
more effective than that from the same flower. I need only add 
that, according to H. Miiller, the flowers do not secrete nectar, 
and he thinks that l)ees insert their j^roboscides only in the hope 
of finding nectar ; but they act in this manner so freriuently and 
for so long a time that I cannot avoid the khef that they 
obtain soiiiethiiig palatable within the flowers. 

If the visits of kes arc prevented, and if the flowers are 
not dashed by the wind against any object, the keel never 
opens, so that the stamens and pistil remain enclosed. Plants 
thus protected yield very few ]X)ds in (comparison with those 
pjvjduced by neighbouring uncovered buslies, and sometimes 
none at all. I fertilisiid a few flowers on a plant growing 
almost in a state, of nature with i)ollen frpni another ])lant 
close alongside, and the four crossed capsules contained on 
an averagtf 9*2 seeds. This large number no doubt was dm* 
to the bush king covered up, and thus not exhausted by 
])roducjjig many jxxls ; for fifty pods gathered from an adjoining 
]»lant, the flowers of which Jiad lujcn fertilised by the Ik^cs, 
'contained an aver^ige of only 7 '14 seeds. ]Sin(;ty-three j»ods 
spontaneously self-fertilis(Ml on a large bush wiiicli had been 
covered up, but had been much agitatiid by the wind, contained 
ail average; of 2 *93 seeds. Ten of the finest of these nin(^ty- 

* Those observations Imve ken ix. J8G(J, p. 808. Jl. Miiller linn 
quoted in nn abhreviutod form by since iniblislied a full and cxcc l- 

rthe Bev. G. Honslow, in the lent aceouiit of the flower in his 

‘Journal of lann. f:?oc. Dot.* vol. ‘ Befruchtung,’ &c. p. 240. 
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three capsules ^uehled an average of 4*30 seeds, that is less than 
half the average number in the four artificially crossed capsules. 
The ratio of 7 ‘14 to 2*93, or as 100 to 41, is probably the 
fairest for the number of seeds jicr pod, yielded by naturally- 
crossed and spontaneously self-fertilised flowers. The crossed 
seeds compared with an equal number of the spontaneously self- 
fertilised seeds were heavier, in the ratio of 100 to 88. We thus 
see that besides the mechanical adaptations for cross-fertilisation, 
the flowers are much more productive with pollen from a 
tlistinct plant than with their own pollen. 

Eight pairs of the above crossed and self-fcrtilistgl seeds, after 
they had germinated on sand, w'ere planted (1867) on the 
oiq)ositc sides qf two large pots. When several of the seedlings 
were an inch and a half in height, there was no marked difference 
between the two lots. But even at this early ago the leaves of 
the self-fertilised seedlings wxre smaller and of not so bright a 
green as those of the crossed seedlings. The pots were kept in 
the greenhouse, and as the plants on the following spring (1868) 
looked unhealthy and had grown but little, tln^y were plunged, 
still in their pots, into the open ground. The plants all suffered 
much from the sudden change, especially the self-fertilised, and 
two of the latter died. The remainder were measured, and I 
give the measurements in the following table, l)ecausc 1 have 
not seen in any other si>eeies so great a difference between the 
crossed and self-fertilised seedlings at so early an age. 


Table LVIIT. 

i'-arothnnuna satj^anns {eery yi^itiy plaints). 


No. of I\»t. 

Cn»ssf»l riants. 

Solf-fertillsed Plants. 


Inches. 

Incht'S. 

I. 

n 



1 0 

Ij 


2 

1 

11. 

o 



I 2| 

: 1 


1 03 

1 «3 



Total in inches. 

! 17-5 

1 

j 8-0 


The six crossed plants here average 2 '91, and the six sen- 
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fertilised 1’33 inches in height; so that the former were more 
than twice as high as tlie latter, or as 100 to 40. 

In the spring of the succeeding year (1869) the thnn? crossed 
plants in Pot I. laid all grown to nearly a foot in height, and tlioy 
had smothered the three little self-fertilised plants so completely 
that two were dead; and the third, only an in(^h and a half 
in height, was dying. It should lie rememlxn’ed tliat those 
plants had been bedded out in their pots, so that they were 
subjected to very severe coinxxjtition. This pot was now thrown 
away. 

The six phtnts in Pot 11. were all alive. One of the sctlf- 
fertilised was an inch and a quarter taller than any one of the* 
crossed plants; but the other two self-fertilistul plants were in a 
very i)Oor condition. 1 therefore resolved to leave these ])lauts to 
struggle together for some years. Py tiie autniim of the same 
year (1809) the self-fertilised j)lant wliich had Iwen victorious 
was now beaten. The? nicjisurements artj shown in tlie following 
table : — 


Tablk LIX. 


Pot IT. — Sttrtd.ianitnts scoparins. 


Cross^il Piantss. 

Svlf-fprtilisrii Pluiiis. 

Inch*',"*. 

Im-hcs. 

b*>2 

m 


;i 


1 

- S 


The same plants were again measured in the autumn of the 
following year, 187U. 

Table LX. 

Pot II . — Sarothamnm sco}>firvts. 


Crossed Plants. 

Self-fertilisHl Plants. 

lncho«. 

llKllf'N. 

‘it: 2 

14? 


11 ? 

14 

n 

56*75 j 

35-50 
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The three crossed plants now averaged 18*91, and the three 
self-fertilised 11*83 inches in height; or as 100 to 63. The three 
crossed ])lants in Tot I., as already shown, had beatc?n the three 
self-fertilised plants so completely, that any comi)arison between 
them was superfluous. 

The wunter of 1870-1871 was severe. In the spring the three 
crossed plants in Pot II. had not even the ti})s of their shoots in 
the least injured, whereas all three self-fertilised jhaiits >vere. 
killed half-way down to the ground ; and this shows how much 
more tender they were. In conscriuenee not one of these lattcT 
plants lM:)re a single flower during the ensuing sumijjcr of 1871, 
whilst all three crossed jflants flowered. 

OxONIS MINUTISSIMA. 

This plant, of which seeds w'ere sent me from North Italy, pro" 
duces, 1 resides the ordinary papilionaceous flowers, ininiit(‘, imper- 
fect, closed or cleistogene flowers, which can lu^ver ho cross-ftTti- 
lised, but are highly self-fertile. Some of tlie perfect flowers wxre 
crossed with ))ollen from a distinct plant, and six capsules thus 
produced yielded oil an average 3*66 seeds, witli a maximum 
<if ^ve M one. 'fwelvc ixaTect flow ers w'en^ marked and allow'ed 
ii ’tilistj thomselvos sjMUitaneously unJer a net, and they 
y ‘( d eight oa]}Kulos, containiLg on an average 2 • 38 seeds, wiili 
a aaxiinum of three seeds in one. So that the crossed and self- 
fertilisi'd capsules from the perfect flowers yielded seeds in the 
proportion of 100 to 65. Fifty-three capsules produced by the 
cleistogene flow’ei's contained on an average 4*1 seeds, so that 
tliese »vtu*e the most productive of all; and the seeds them- 
selves h)oked flner even than those from the crossed perfect 
flowers. 

Tlic seeds from the crossed perfect flowers and from the self- 
fertilised cleistogene flowers w'ere allowxal to germinate on sand ; 
but nnfortnuat<?ly only two pairs germinated at the same time. 
These were jilanted on the ojipositc sides of the same pot, which 
was kept in the greenhouse. In the summer of the same year, 
when the seedlings wxre alxiut 41 inches in height, the two lots 
were equal. In the autumn of the following year (1868) the tyo 
crossed plants wxre of exactly the same height, viz., 11 J inches, 
and the two self-fertilised plants 12J and 7J[ inches; so that one 
of the self-fertilised exceeded considerably in height all the others. 
By the autumn of 1869 the two crossed plants had acquired the 
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supmiiac.v ; their lieiglit boiiig^lOj and 15 J, whilst that of the 
two self-fertilised plants was 14 J and 31 J inches. 

By tlio autumn of 1870, the heights wore jis follows : — 


Table LXI. 

On an h m in utis^ i ma. 


Crossi'd PliinUi 



Inches. 

20 j 

• 17 J 


111 


o4 • 7 5 


0 


So that the mean lieiglit of the two crossed ])]ants was 19*81, 
and tliat of the two self-fertilise<l 17*87 inelies ; or as 100 <o 88. 
It should Ih) reineml)cred that tlie two Jots were at fii*st equal in 
height; that one of the self-fertilised plants then had tlie advan- 
tage, the two crossed plants being at last victoriinis. 

Summary bn the Legumbiosse. — Six g(fiierii in this 
family wore experimented on, and *1h(‘ r(‘sults are in 
some respoets remarkable. The er()ss(‘d jdants of tlie 
two species of Lupinns were conspicuously sujaTior to 
tlie self-fertilised plants in lieifrht and fertility ; and 
when grown under very unfavourable conditions, in 
vigour. The scarlet-runner {Phmeohh miHtijiorus) is 
partially sterile if the visits of bees arc preventcMl, and 
th(*r(.» is reason to believe that A ari(dies growing near 
om^ another intercross. The live crossed jilants, hou- 
(?ver, exceeded in height the five self-fertilised only 
by a little. Phaseolus vulgaris is piu fec^tly self-fertile ; 
nevertheh^ss, varieties growing in the same garden 
sometimes intercross largely. The varieties of Lathyrus 
odoratuSy on the other hand, appear lun er to intercross 
in this couutry ; and though the flowers are not often 
visited by efficient insects, I cannot account for this 
fact, more especially as the varieties arc believed to 
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intercims in North Italy. Plants raised from a cross 
between two varieties, differing only in the colour of 
their flowers, grew much taller and wore under un- 
favourabli^ conditions more vigorous than the self-ferti- 
lised plants ; tlioy also transmitted, when self-fertilised, 
their superiority to their offspring. The many varieties 
of tlio common I\)a {Pimm sativum), though growing in 
close proximity, very seldom intercross ; and this seems 
du(‘ to tlie rarity in this country of th<^ visits of bees 
sufficiently })ow('rful to effect cross-fertilisation. A 
cross betweci\tho self-fertilised individuals of the same 
variety does no good whatever to the offspring; whilst 
a cross between distinct varieties, though closely allied, 
does great good, of which we‘ have excellent’ evidence. 
Th(‘ flow(‘rs of th(‘ llrooin (Sarothamniis) are almost 
sterile if they are not disturbed and if insects are ex- 
cluded. The pollen from a distinct plant is more 
eflective than that from the same flower in producing 
sci‘(ls. The crossed se(‘dlings have an enormous advan- 
tage ovt*r the self-fertilised when grown together jn 
(dose competition. Lastly, only four plants of the 
Omnis miniitissima were raised ; but as these were 
observe^d during their whole growth, the advantage of 
the cross(Hl ovflr the self-lertilised plants may, I think, 
be fully trusted. 

XV. ONAGRACEiE.— Clarkia elegans. 

Owing to the season being very unfavourable (1867), few o? 
the flowers which I fertilised formed eapsnles ; twelve crossed 
flowers produced only four, and eighteen self-fertilised flowers 
yielded only one capsule. The seeds after germinating on sand 
were planted in three pots, but all the self-fertilised jdants ^ied 
in one of them. When the two lots were between 4 and 5 
inches in height, the crossed began to show a slight superiority 
over the self-fertilised. When hr fall flower they were measured^ 
with the following result : — 
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Table LXII. 

Clarhia ekgans. 


No. of Pot. 

j CroBst'd Plants. 

S(*lf-fcrtili>ed Plants. 


luoh(‘S. 

IllCliOS. 

I. 

40 ^ 

33 



•24 


•j.') 

23 

II. 

: ■ 

30 j 

Total in inches. 

i 134*0 

iio-.o 


The average height of the four crossed i>lants and 

i fiat of the four self-fertilised plants 27‘G‘J inches, or as 100 to 
82. The crossed plants altogether ))rodu<*ed lOo and the self- 
fertilised plants G3 capsules; or as 100 to GO. In both pots a 
self-fiertilis(Kl j>lant flowered before any one of the crossed plants. 

XVL LOASACE.E. — Bartonia aitrea. 

Some flowers were crossed and self- fertilised in the usual 
manner during two seasons ; but as I reared on the first occasion 


Table LXIII. 

Dartouitt tmrva. 


No. of Pot. 

1 Crossed IHants. 

Sclf-fertili>ed Plants. 


i luchcM. 

(tlcllf-S, 

I. 

.•ii 

37 

II. 


•JUj 

III. 

ifj 

40 3 

IV. 

I 25 

35 


36 ' 

153 

V. 

31 ! 

18 


16 

lU 

VI. 

20 


Total in inches. 

197-0 

j 210-5 
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only two jiairs, the results are given together. On both occasions 
th(i crossed capsules contained slightly more seeds than the self- 
fertilised. During the first year, when thej plants were about 
7 inches in height, the self-fertilised were the tallest, and in the 
second year the crossed were the tallest. When the two lots were 
in full flower they were measured, as in the preceding table. 

The average height of the eight crossed plants is 24 • 62, and that 
of the eight self-fertilised 26*31 inches; or as 100 to 107. So that 
the self-fertilised had a decided advantage over the crossed. But 
the plants from some cause never grew well, and finally became 
so unhealthy that only tliree crossed and three jjplf-fertilised 
plants survived to set any capsules, and these w’erc few in number. 
The two lots seeded to l)e about equally unproductive. 

XVir. PASSIFLORACE/E.— Passiflora gracilis. 

This annual s]>eci(‘K produces spontaneously numerous fruits 
when insects are excluded, and liehaves in this respect very 
differently from most of the other species in the genus, which 
arc extri^mely sterile unless fertilised with (>olleu from a distinct 
])lant.* Fourteen fruits from crossed flowers contained on an 
average 24*14 seeds. Fourteen fruits (two poor ones being 
rejected), spontaneously self-fertilised under a net, contained on 
an averagi; 20*58 seeds i»er limit; or as 1(X) to 85. These seeds 
were sown on tlic opposite sides of three jKits, but only two pairs 
came up at the same time ; and therefore a fair judgment cannot 
bii formed. 

Table LXIV. 

• yruvUis. 


Ni). of Pot. 

CrusiH'd Plants. 

Self-fertilised Plants. 


Inolu'H. 

Inches. 

1. 

i 56 

68 

II. 

! 

1 64 

Total in inchos. 

I 98 

1 102 

i 


The moan of the two crossed is 49 inches, and that of the two 
solf-fertilisod 51 inches ; or as 100 to 104. 

* Variation of Animals and chap. xvii. 2nd edit. vol. ii. p. 
Plants under Domestication,’ 118. 
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XVIII. lTMBELLIFERiE.--ApiUM pbtkosblinum. 

The Umhellifcrse are in’otcrandrous, and can hardly fail to be 
cross-fertilised by the many flics «iid small llymenoptera which 
visit the flowers.* A i)lant of the common parsley was covered 
by a net, and it apparently jiroduced as many and as fin(» 
s]»ontaneonsIy self-fertilised fruits or seeds as the adjoining 
uncovered plants. The flowers on the latter wt»re visited by so 
many insects that they must have rt^ctuved pollen from one 
another. Some of these two lots of soikIs were li^ft on sand, but 
nearly all the self-fertilised seeds germinated before the others, 
so that I was forced to throw all away. The remaining seeds 
were then sown on the 0 ]>]) 0 site sides of four ])ots. At first the 
self-fertilised seedlings were a little talh'i* in most of the pots 
than the naturally crossed seedlings, and this no doubt was due 
to the self-fertilised seeds having germinated first. But in 
the auhimn all the )»lants were so equal that it <lid not seem 
worth while to measure them. In two of Die ]»ots they were 
absolutely ecjual ; in a tliird, if there Avas any diffcreiict', it was 
in favour of the crossed jdauts. and in a somewhat j)laiDer 
manner in the foui’th jiot. But neither side had any substantial 
advantage over the other; so that in heiglit they may be said 
to be as 100 to 100. 

. XIX. DIPSACEAil.— ScABiosA atko-puiipuhea. 

The floAvers, Avhicb arc proterandrous, Avcrc fiu*tijiscd during 
Table LXV. 

Scahiosa atro’-purparm, ^ 


No. of Pot. 1 

< 'roBsed Piants. 

S<‘lf fertilised IMants. 

i 

InchcH. 

Inchos. 

I. 

14 


II. : 

15 


III. I 

1 

21 • 

183 

1 14 

l:t 

Total in inches. 1 

68*5 

61-5 


* H. Muller, * Befruchtunir/ &c. pece,’ tom. ii. p. 58, 1859), varieties 
•p. 96. According to M. Muetel of the oarr<it growing near each 
(as stated by Godron, * Dc TEs- other readily intercross. 
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the unfavourable season of 1867, so that I got few seeds, 
(‘S])ccially from the self-fertilised heads, which were extremely 
sttjrilo. The crossed and self-fei*tiliscd plants raised from these 
s(‘eds were measured Ixjfore they were in full flower, as in the 
preceding table. 

The four croswid ])lants averaged 17 * 12, and the four self-fer- 
tilised ]5*87 inches in height; or as ICO to 00. One of the self- 
ffjrtilistd ]>lant.s in l*ot III. was killed by an accident, and its 
fellow ] Hilled up; so that when tlu^y were again measured to the 
summits of their flowers, there were only three on each side; 
the crossed now averaged in height 3*2*83, and the self-fertilised 
30*16 inches; or as 1(K) to 0*2. 

XX? CO^IPOSIT/E. — Lactuca sativa. 

Tliroe ] hints of Lettuce* (Great London Cos var.) grew close 
together in my garden ; one was covered by a net, and produced 
self-fertilised seeds, the other two were allowed to be naturally 
crossed by insects; but the season (1867) was unfavourable, and 
1 did not obtain many seeds. Only one crossed and one self- 
fertilised plant W(n'c raised in Pot I., and their measurements are 
given in the following table (LXVI.). The flowers on this one 
se1f-f(‘rtiliscd ]»laiit were again self-fertilised under a net, not 
with jxilUui from the same floret, but from other florets on the 
same liead. I’lio flow(*rs on tlie two crossed plants were left to 
be crossed by insects, but tlie ] process was aided by some pollen 
being occasionally traiis])orted by me from plant to plant. Those 
two lots of seeds, after germinating on sand, were ])lanted in 
pairs on the o]>po>ite sides of Pots 11. and III., which were at 
tirst ke]»t in the greenhonsc and then turned out of doors. The 
plants were measured when in full flower. The following table, 
therefore, includes plants l>elonging to two generations. 
the seedlings of the two lots were only 5 or 6 inches in height 
they were c(inal. In Pot III. one of the self-fertilised plants 
(lied In^fore flowering, as has occurred in so many other cases. 

* The Composilnj ari* wcdl- It is very improhablo that all the 

a(laj)i« (l for cross-fi rtilisatiim, but varietW which wore thus culti- 

a nurseryman on wh«mi 1 cau viiled near together flowered at 

roly, told me that he had beou in diftereiit times; hut two wliicl/ I 

the habit of sowing several kinds selected by hazard ami sowed 

of lettuce near together tor tlie near each other did not flower at 

sake of seed, and had never oh- tlie same time ; and my trial * 

served that tln^y became orossed. failed. 
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Table LXVI. 

Lactum sntioa. 


1 

Jfo. of Pot. ! 


Soli-ffrtilised I'lant'*. 


lncbet». 

lliC’h('A. 

I. 

27 


First irenoration, ' 

20 

20 

plautod in open j 



ground. 1 



II. 

20,' 

24 

Second gen»T.'ition, 


lo 

planted in open 


11 

ground. 


.. 

111. 

14 

0 i 

Second generation, 

lo? 

o" 

kept in tlie pot. 



Total in inche.s , 

i:3d 

96 


The average height of the seven crossetl plants is 19*43, and 
that of the six self-fertilised plants IG inches ; or as 1(X) to 82. 

XXL CAMPANULACE.d5.— Speculakia speculum. 

In the closely allied genus, Cani])annla, in which Spccularia 
was foi-morly imrluded, the anthers shed at an early i^eriod their 
ix)llen, and this adheres to the collecting hairs which surround 
the pistil beneath the stigma; so that withoi^t some mechanical 
aid the flowers cannot be fertilised. For instance, I covered uj» 
a plant of Campanvia carpUhiat, and it did not produce a single 
(»])sulc, whilst the surrounding uncovered plants seeded pro- 
fus(ily. On the other hand, the present species of Spccularia 
api>cars to set almost as many capsules when covered up, as 
when left to the visits of the Dijdera, w^hich, as far as I have 
seen, are the only insects that frequent the flowers.* J did not 
ascertain whether the naturally crossed and spontaneously sf.*lf- 
fertilised capsules fjontained an equal number of seeds, but a 
comparison of artificially crossed and self-fertilised flowers, 


* It has long been known that cleiatogcno as well as •jx^rfecl 
another spocics of the genus, flowers, and the former are f»f 
Specularia prfoliaia^ prodii^’es wiirso' self-fertile. 
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showed that tlie former were probably the most productive. It 
appears that this plant is capable of i)roducmg a large number 
of self-fertilised capsules owing to the petals closing at nighty as 
well as during cold weather. In the act of closing, the margins 
of the p<.itaJs become reflexed, and their inwardly projecting 
midribs tJien pass between the clefts of the stigma, and in doing 
so piisli the IX)] Ion from the outside of the pistil on to the 
stigma tic su rfaces. * 

Twenty flowers w^ere fertilised by me with their own pollen, 
but owing to the bad season, tmly six capsules w^ere piuduced ; 
they contained on an average 21*7 seeds, with a maximum of 
forty-eight in one. Fourteen flow^ers were crossed with pollen 
from another jilant, and these produced twelve capsules, contain- 
ing on an average 80 seeds, with a maximum in one of fifty- 
s(!ven seeds; so that the crossed seeds were to the self-fertilised 
from an equal number of capsules as 100 to 72. The former 
were also heavier than an equal number of self-fertilised seeds, 
in the rat io of 10( ) to 80. Thus, whether we judge by the numl>er 
of eaj)sules ]*rodueed from an equal number of flowers, or by the 
average number of the contained si‘cds, or tlio maxinmni numl)er 
in any one ea])SulG, or by their w’eight, crossing does groat good 
in oomiiai’ison with sclf-fortilisatiou. The two lots of seeds w*ere 


Tablk Lxm 
tSfiei'ifluria sjieculvm. 





Si). <•! I'ul. 

■ 'ralh-."! (’rossod Plant ! 

Tallfst .S*?ll'-f(‘rtilisod 

in cadi Pot. 

Plant in each Pot. 

% 

. . .. 

. . 


Jiidir.s. 

Indies. 

J. 

IS 

lot 

JI- 

17 

10 

III. 

-j i 

! 

18 

IV. 

‘2«) 

9 

2;; 

Total in inches. 

! 77 -Id 

1 

75-75 


* Mr. IVleehan has lately shown Ionia virginica and Banunculm huh 
(‘ Proc. Acad. Nat. 8c. I’hilailel- homB during the night causes their 

8 Ilia/ May lf>, 1876, p. 84) that self-fertilisation. > 

he closing of the flowers of Clatj- 



176 


LOBELIA RAMOSA. 


Chap. V. 


sown on the opposite sides of four pots ; but the seedlings were 
not sufficiently thinned. Only the tallest plant on efudi side was 
measured, when fully grown. The me-asurenients are given in 
the preceding table. In all four pots the crossed plants flowei’ed 
first. When the seedlings were only about an inch and a half in 
height both lots were equal. 

The four tallest crossed plants averaged 19 ’28, and the foni* 
tallest self-fertilised 18*93 inches in height; or as 1(X) to 98. 
So that there was no difference worth sj)eaking of Ixjtween tlie 
two lots in height ; though othe/ groat advantages are derived, 
as we have seen, from cross-fertilisation. From l)eing gi^own in 
pots and kept in the greenhouse, none of the plants })roduccd 
any capsules. 

Lobelia ramosa.'*' 

Var. SHOtc-flake. 

The well-adapted means by which cross-fertilisation is en- 
sured in this genus liave been described l)y sc^veral authors, t 
The justil as it slowly increases in length pushes th(^ polhai 
out of the conjoined anthers, by the aid of a ring of bristles ; the 
two lobes of the stigma being at this time closed and incapable 
of fertilisation. The extrusion of the pollen is also aided by 
insects, w hich rub against the little bristles tliat } project from 
the anthers. The iwllcjii thus pushed out is carried by insects 
to the older flow’t;rs, in which the stigma of the now freely 
projecting pistil is open and ready to be fertilised. 1 proved 
the importance of the gaily-coloured corolla, by cutting off tlu‘ 
large lower ijctal of several flowers of JjMia rrimfs; and these 
flowers were neglected by the Inve-becsVliicK were incessantly 
visiting the other llowxTs. 

A capsule w’as ol stained by crossing a flower of 7.. ramosa 


* I have arloptfid the name 
given tn this plant in the ‘(iar- 
'deneiH* Chronicle,' lsG(j. Prof. 
T. Dyer, however, informs .me 
that it probably is a white variety 
of L, tennior of Jt. Brown, from 
W. Australia. • 

t See tlio works of Hildebrand 
and Dcjlpino. Mr. Fairer also 
lias given a remarkably clear 
description of the niochanism by 
ffrhich cross-fert ilisatiou is effected 
in this genus, in the ‘ Annals and 


Mag. of Nat. Hist.’ vol. ii. C4tlj 
series) 180S, p. 2G0. In tlie allied 
genus Isotoma, the curious s]>ike 
which project 8 rectangularly from 
the' niithors, and which when 
sliukcn oanses the pollen to fall 
on tlu* back of an cnttJiing iiit^^cct. 
seems to have been devciopetl 
from a bristle, like one of lliose 
which s])]'ing from the anthers in 
some of or all the species of Lo- 
belia, as described by Mr. Fairer. 
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with pollen from another plant, and two other capsules from 
artificially self-fertilised flowers. The contained seeds were 
sown on the opposite sides of four pots. Some of the crossed 
seedling/? which came up before the others had to be pulled up 
and thrown away. Whilst the plants were very small there was 
not much diflerence in height Ixjtween the two lots ; but in Pot 
HI. the self-fertilised were for a time the tallest. When in full 
flower the tallest plant on each side of each pot was measured, 
and the result is shown in the following table. In all four 
ix)ts a crossed i)lant flowered before any one of its opponents. 


Table LXVIll. 

I^ohelia ramosa (First Generation), 


No. of Pot. 

Tallest Crossed Hunt 
in each Pot. | 

Tallest iSi lf-fertllised 
Plant in each Pot. 

I. 

Inches. 

m ! 

Inches. 

Hi 

11. 

27j ! 

24: 

"ill. i 

I 

16J i 

15 

IV. ! 

22j ! 

17 

Total in inches. | 

89-0 I 

7ii-5 


The four tallesj| crossed plants averaged 22*25, and the four 
tallest self-fertilised 18*37 inches in height ; or as 100 to 82. I 
was Rurprist‘d to find that the anthers of a good many of these 
self-fertilis(3d iJants did not colicre and did not contain any 
pollen ; and the anthers even of a very few of the crossed plants 
were in the same condition. Some flowers on the crossed plants 
were again crossed, four capsules being thus obtained ; and some 
flowers on the self-fertilised plants were again self-fertilised, 
seven capsules being thus obtained. The seeds from both lots 
weiL» weighed, <ind it was calculated that an equal numbtn* of 
capsules would have yielded seed in th© proportion by vreight pf 
100 for the crossed to 60 for the self-fertilised capsules. So that 
the flowers on the crossed plants again crossed, were much 
more fertile than those on the self-fertilised plants again self- 
feifilised. 

N 
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Plants of the Second Generation , — The above two lots of seeds 
were placed on damp sand, and many of the crossed seeds 
germinated, as on the last occasion, befoi'e the self-fertilised, and 
were rejected. Throe or four pairs in the same state of germina- 
tion were planted on the opposite sides of two pots ; a single 
pair ill a third jxit ; and all the remaining seeds wore sown crowded 
in a fourth pot. When the seedlings were about one and a half 
iuche.s in height, ihef were equal on liotli sides of the three first 
]iots ; but in Pot IV., in which they grew crowded and were 
thus exposed to severe comiietition, the crossed were about a 
third taller *han the self-fertilLsed. In this latter j)ot, when 
the crossed averaged 5 inches in height, the self-fertilised were 
about 4 inches; nor did they look nearly such fine plants. 
In all four pots the crosscid plants flowered some days before 
the self-fertilised. When in full flower the tallest i>lant on each 
side was measured; but before this time the single crossed 
plant in Pot IIL, which was taller than its antagonist, had died 
and was not measured. So that only the tallest plant on each 
side of three pots was measured, as in the following tabic ; — 

Table LXIX. 


Lohelia rnmosa (^Second Generation). 


Jfo. of Pot. 

TaUost*Cr«S8e<l Plant 
in each Pot. 

Tnlli’st .Si*lf-fortUiHcd 
}Mant in each Put. 

1. 

1 Inches. 

incitew. 

18^ 

n. 

21 


IV. 

Crowded. 

21 1 

10 

Total in inches. 

70 

57 


The average height of the three tallest crossed plants is here 
23.:* 33, and that of the ihvm tallest self-fertilised 19 inches ; or as 
100 to 81. Besides this difference in height, the crossed plants 
were much more vigorous and more branched than the self- 
‘^fertilised plants, and it is unfortunate that they were not 
weighed. 
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Lobelia fuloexs. 

This species offers a somewhat perplexing case. In the first 
generation the self-fertilised plants, though few in number, 
greatly exceeded the crossed in height ; whilst in tlie second 
generation, when the trial was made on a much larger scale, the 
crossed boat the self-fci*tilised plants. As this species is 
generally propagated by off-sets, some seedlings were first 
raised, in order to have distinct jdants. On one of these plants . 
several flowers were fertilised vrith their own pollen ; and as the 
pollen is mature and shed long before the stigma of the same 
flow’cr is ready for fertilisation, it was necessary to number each 
flower and keoi^its pollen in ])ai)er with a corresi)onding numlxjr. 
By this nu'ans well-matured j)ollen was used for self-fertilisation. 
Several flowers on the same i)lant were crossed with pollen from 
a distiiKd individual, and to obtain this the conjoined anthers of 
young flowers were roughly s(|ueezed, and as it is naturally 
protruded very slowly by the growth of the pistil, it is probable 
that the ]»ollen used by me w'as hardly mature, certainly less 
mature tliau that employed for sc‘lf-fortilisation. I did not at 
the time think of this source of error, but I now suspect that 
the growth of the crossed iflants was thus injured. Anyhow th(‘ 
trial was not perfectly fair. Oi>]K)sed to the bt‘licf that the 
pollen used in crossing was not in so good a state as that us’ed 
for self-fertilisation, is the fact that a greaier inoportional number 
of the crossed than of the self-fertilised flow'crs produced cap- 
sules; hut tlievcw as no marked difference in the amount of s(‘cd 
contained in the ti;i]3sules of the tw'o lots * 

As the seeds obtainovl by the above two methods would not 
germinate when left on bare sand, they were sow’n on tlie 
opposite sides of four pots ; but I succeeded in raising only a 
single pair of seedlings of the same age in each pot. The self- 
fertilised seetlliiigs, when only a few* inches in 'height, wx‘rc in, 
most of the pots taller than their opponents ; and they flow’ered 
so much earlier in all tho^pots, that the height of the flow er- 
stems could be fairly coinpaiXHi only in Pots I. and II. 


* Gartner has shown that cer- 
tain plants of Lobelia fidgena are 
quite sterile with pollen from the 
same plant, though this pollen is 
ofBcient on any other individual ; 


but nofte of the plants on whicli 
I experimented, which were kept 
in the greenhouse, were in thi% 
peculiar condition. 

N 2 
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Table LXX. 


Lohtlia fulgens {First Generation), 



No. of l\>t. 

1 lloigbt of Fl«)wer- 
i stfiub oil tho Crossed 

1 Plants. 

lloiglit of Hower- 
sU uis on the Self-for 
tilisod JMiiuts. 



Ilich(‘8. 

1 iriehes. 


1. 

3:i 

; :>o 


II. 

3«S 

■•>8J 


. 9II. 

21 

Not in lull flower. 

; 4:$ 


IV. 

12 

Not in full flower. 

! 35ii 

! 


The mean height of tlic flower-stems of the two crossed i)hiiits 
in Pots I. and 11. is liere 31^*75 indies, and tliat of tlio two self- 
fertilised jil ants in the same pots 44*25 indies; or as 100 to 127. 
The sdf-fortilised jilants in Pots 111. and l^^ were in every 
respect very mucth finer than the crossed jilants. 

I was so much surprised at this great superiority of the self- 
fertilised over the crossed jilants, that I determined to try how 
they would behave in one of the pots iluriiig a second growth. 
The two plants, therefore, in Pot 1. were cut down, and rejiotted 
without lieing disturlicd in a much larger ix)t. In the following 
year the self-fertilised jilant showed even a greater superiority 
than before; for the tw'o tallest flower-stems produced by the 
one crossed plant were only 29J and 30^ inches in height, 
whereas the two tallest stems on the one self-fertilised plant 
were and 49 J inches; and this gives a ratio of 100 to 167. 
Considering all the evidence, there can lie no doubt that these 
;^lf-fertilised plants had a gi’eat sui)eriority over the crossed 
plants. 

CroASfsd and self-fertilised Plants of the Second Generation , — I 
determined on this occasion to avoid the emir of using pollen of 
not quite equal maturity for crossing and self-fertilisation ; so 
that I s(iueezed ])ollen gut of the conjoined anthers ofydung 
flowers for both operations. Several flowers on the crossed plant 
in Pot I. in Table LXX. were again crossed with pollen from a 
distinct ]>lant. Several other flowers on the self-fertilised jdant 
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Table LXXL 

Lohelm falgm& (Secmid Generation^. 


No. of Pot. 

Crosswl Plants. 
Height of Vlowi-r- 
stems. 

Self-fertilised Plants. 
Height of Flower- 
stems. 

I. 

llK'lloS. 

27? 

20 

24? 

24? 

i Jiichofl. 

32? 

26? 

23 J 

26? 

11. 

I 34 

3«1 


! 20 g 

28 g 

• 

i 25? 

30 J 


2G 

32? 

III. 

i 

;h)i 


37? 

28? 


32 1 

28 

iV. 

34? 

20 i 


I 

28 2 


! 2U 

26 


! 27? 

25? 

V. j 

i 28? i 

29 


27 

i44J 



28 j 


24^ 

24 

VI. 

33? j 

! ' 44| 


32 i 

87 g 

• 

1 

2GJ j 

87 


25 _ __ j 

85 

Vll. 

30? 

27 5 

j 

30? 

m 

j 

2t»? 

21 

VIII. i 

39? 

23? 


, f? 

23? 

1 

36 

: 25? 

1 

36 

25 J 

IX. i 

33? 

19? 


25 

16? 


25? 

19 


21? 

18? 

Total in inches. | 

1014-00 

921-63 1 


S21*63 
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in the same pot wore again self-fertilised with pollen from the 
anthers of other flowers on the same plant. Therefore the degree 
of self-fertilisixtion was not quite so close as in the last genera- 
tion, in wliicli pollen from the same flowvr, kept in paper, was 
used. These two lots of seeds were thinly sown on op])osite 
sides of nine pots ; and the young seedlings were thinned, an 
equal numl)er of nearly as possible the same age being left on 
tlie two sides. In the spring of the following year (1^70), when 
the seedlings had grown to a considemblo size, they were 
measured to the tips of their leaves ; and the twenty-three 
crossed i)lant,s averaged 14*04 indies in height, whilst the twenty- 
three self-fertilised seedlings were 13*54 inches; or as 100 to 90. 

In the summer of the same year several 'pf tlu^se plants 
flowered, the crossed and self-fertilised plants flowering almost 
simultaneously, and all the flower-stems were measured. Those 
produced by eleven of the crossed plants averaged 80*71 inches, 
and those by nine of the self-fertilised plants 29*43 indies in 
height ; or as 100 to 9G. 

The plants in these nine pots, after they had flowered, were 
repottecl without Ixiing disturbetl in mucli larger pots; and in 
the following year, 1871, all flowered freely; but they had 
grown into such an cntanglexl mass, that the separate jilants 
on each side could no longer l>c distinguished. Accordingly 
three or four -of the tallest flower-stems on each side of each 
pot were measured; and the measurements in the preceding 
table are, I think, ^morc trustworthy ,than the previous ones, 
from being more numerous, and from the plants Ixiing well 
(jstablished and growing vigorously. , 

The average height of the thirty-four talk st flower-stems on 
the twenty-three crossed plants is 29*82 indies, and that of the 
same number of flower-stems on the same numlxir of self- 
fertilised plants is 27*10 inches; or as 100 to 91. So that the 
crossed plants now showed a decided advantage over their self- 
‘Tertilised opponents. 


XXII. POLEMONIACEiE. — Nemophila insionis. 

dlwelve flowers were crossed with jiollen from a distinct, plant, 
but produced only six capsules, containing on an average 18*3 
Keeds. Eighteen flowers .were fertilised with their own x>ollcn 
and produced ten capsules, containing on an average 12*7 
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seeds; so that the seeds per capsule were as 100 to 69.* The 
crossed seeds weighed a little less than an equal number of self- 
fertilised seeils, in the proportion of 100 to 105 ; but this was 
clearly due to some of the self-fertilised capsules containing very 
few seeds, and these were much bulkier than the others, from 
having been better nourished. A subsequent comparison of the 
nmnber of seeds in a few capsules did not show so great a 
superiority on the side of the crossed capsules as in the present 
(?asc. 

The seeds were placed on sand, and after germinating were 
planted in pairs on the opixisite sides of five ix)tB^ which were 
kept in the greenhouse. When the seedlings were from 2 to 
3 inches in height, most of the crossed had a slight advantage 
over the self-fer\ilised. The plants were trained up sticks, and 
thus grew to a considerable height. In four out of the five 
ix)ts a crossed plant flowered before any one of the solf-fertilisexl. 


Table LXXTI. 

Nermphila iusiyuis; 0 mmtis that the plant died> 


No. of Pot. 

Crossed Plants. 

Self-fertilised Plants. 


Inches. 

Inches. 

I. 


215 

II. 


23 1 

111. 

33J 

19 


22 i 

* n 

• 

29 

nl 

IV. 

35 j 

m 


33 j 

27 

V. 


0 

• 

38 1 

18J 


:;6 

20J 


37 j 

34 


324 

0 

Total in inches. 

399-38 

199-00 


* Several species of Polcmo- ssys (‘ Des Variates/ 1805, p. 60) 
uiaccfB are known to be protor- that varieties growing near one 
androuH, but 1 did not attend to another spontaneously intercrosil? 
this point in Nemophila. Verlot 
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The plants were first measured to the tips of their leaves, before 
they had flower<id and when the crossed wero under a foot 
in height. The twelve crossed plants averaged 11 * 1 inches in 
height, \\’hilst the twelve self-fertilised were Jess tlian half of this 
height, viz., 5*45; or as 100 to 49. Before the plants had grown 
to their full height, two of the self-fertilised died, and as I feared 
that this might happen with others, they wero again measured 
to the tops of their stems, as sliowu in the preceding table. 

The twelve crossed plants now averaged 33*28, and the ten self- 
fertilised 19 ’9 inches in height, or as 100 to GO ; so that they 
differed somewhat less than l>efoi*e. 

The plants in Pots III. and Y. were placed under a net in the 
greenhouse, two of the crossed plants in the latter iK>t Ix^ing 
pulled up on account of the death of two of the self-fertilised ; 
so that altogether six crossed and six self- fertilised jdants were 
left to fertilise themselves Ri)ontanoously. The \yoiv. were rather 
small, and the plants did not produce many capsules. The 
small size of the self-fertilised plants will largely account' for 
tlie fewness of the capsules wliioli tliey prcnlucc'd. The six crossed 
plants l)ore 105, and the six self-fertilised only 30ca]»sules ; or as 
100 to 29. 

The self-fertilised seeds thus ol>taiiK‘d from the cn)Rsed and 
self-fertilised plants, after germinating on sand, wero planted 


Table LXXTII. 

Krmophihi i jisufn in. 


No. of I’ot. 

! 

■ IMiints 

1 from CrosSfMl l*lniU>. 

1 

1 Soir-fcj lilisoil 
■ from Srli-ftTillisM 
j I'kmtK. 

I. 

1 iru'lips. 

1!7 

1 14 

176 

24 « 

C 

Inches. 

27 J 
atji 

11. 

23 

32 

III. 

16 

7 

IV. 


n 


■’k 

16 

Total ill inches. | 

! 

lio-i.'t 

147-00 
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on tlic opposite sides of four small pots, and treated as before. 
But many of the plants were unhealthy, and thdir heights were so 
unequal — some on l)oth sides lieing five times as tall as the others 
—that the averages deduced from the measurements in the pre- 
ceding table are not in the least trustwortliy. Nevertheless I 
have felt bound to give them, as they are opposed to my general 
t'onclusions. 

The seven self-fertilised plants from the crossed plants hero 
average 15 • 73, and the seven self-fertilised from the self-fertilised 
21 inches in height ; or as 100 to 133. Strictly analogous experi- 
ments with Viola tricolor and Lathyrm oHoratus ^ave a very 
different result. 

• 

XXIII. BORAGINACEiE.— Borago officinalis. 

This plant is frequented by a greater numl>er of bees than 
almost any other one which I have observed. It is strongly 
proterandrous (H. Muller, " Befnichtung,’ &c., p. 2G7), and the 
flowers can hardly fail to l>e cross-fertilised; but should this 
not occur, they are capable of self-fertilisation to a limited 
extent, ns some pollen long remains within the anthers, and is 
apt to fall on the mature stigma. In the year 1803 I covered 
up a plant, and examined thirty-five flowers, of which only 
twelve yielded any seeds ; whereas of thirty-five flowers on an 
exposed plant growing close by, all with the exception of two 
yielded seeds. The covered-up plant, however, produced alto- 
gether twenty-five sj)ontancously self-fertilised seeds; theex]30SGd 
])laut priMlucing fifty-five seeds, the product, no doubt, of cross- 
fertilisation. 

In the year 1808 eighteen flowers on a projected plant wore 
crossed with pollen from a distinct plant, but only seven of these 
produced fruit ; and I suspect that I applied pollen to many of 
the stigmas before they were mature. These fruits contained 
on an average 2 seeds, with a maximum in one of three seeds.* 
Twciiity-four spontaneously self-fcrtilivscd fruits were produced 
by the same plant, and thesfe contained on an average 1*2 seeds, 
with a maxiinum of two in one fruit. So that the fruits from 
the artificially crossed flowers yielded seeds compared with those 
from the spontaneously self-fertilised flowers, in the ratio of fOO 
to CO. But the self-fertilised seeds, as often occurs when few 
arc produced, were heavier than the crossed seeds in the ratio oft 
100 to 90. 
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These two lots of seeds wore sown on opj^osito sides of two 
large pots ; but I succeeded in raising only four |wiiiv^ of equal 
age. When the seedlings on both sides were about 8 inches 
in height they were equal. When in full flower they were 
measured, as follows : — 


Table LXXIV. 

Borngo ojfir.lnulis. 


Xo. of Pot. j 

Crossed Plants. 

‘ S<.‘lf-reitillsed I'laiits. 


Inches. 

Inches. 

I. i 

19 


i 

21 



loj 

'-•OJ 

II. i 

2CS 

: 

Total in inches. . 

82-75 

84-75 


The average height of the four crossed plants is here 20 * G8, and 
that of the four self-fertilised 21*18 inches; or as 100 to 102. 
The self-fertilised plants thus exceeded the crossed in height by 
a little ; but this was entirely due to the tallness of one of the 
s^lf-fertilised. The crossed plants in iK^th pots flowered l)efore 
the self-fertilised. Therefore I believe if more plants had been 
raised, the result would have hmn different. I regret that I did 
not attend to the fertility of the two lots. 

XXIV. NOLANACE.®.— Nolana prostrata. 

t 

In some of the flowers the stamens are considerably shorter 
than the pistil, in others equal to it in length. I suspected, 
therefore, but erroneously as it proved, that this plant was 
‘ dimorphic, like Primula, Linum,&c.,and in the year 1862 twelve 
plants, covered by a net in the greenhouse, were subjected to 
trial. The spontaneously self-fertilised flowers yielded 64 grains 
weight of seeds, but the product of fourteen artificially crossed 
flowers is here included, which falsely increases the weight of 
the self-fertilised seeds. Nine uncovered plants, the flowers of 
which wetre eagerly visited by bees for their pollen and were no 
•doubt intercrossed by them, produced 79 grains weight of seeds : 
therefore twelve jilants thus treated would have yielded 105 
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grains* Thus tlie seeds produced by the flowers on an equal 
numl>er of plants, wJicn crossed by bees, and spontaneously self- 
fertilised (the product of fourteen artificially crossed flowers 
being, however, included in tlje latter) were in weight as 
ICX) to 01. 

In the summer of 1807 the trial was repeated ; tliirty flowers 
\\''re crossed with i)ollen from a distinct plant and produced 
Iweiity-sevon cajisules, each containing five seeds. Thirty-two 
flowers wore fertilised with their own i)olIen, and produced only 
six ca])sules, each with five seeds. So that the crossed and self- 
lertiliscd capsules contained the sjimc number of seeds, though 
many more capsules w ere produced by the cross-fer?iliscd than 
by the self-fertilised flowers, in the ratio of 100 to 21. 

An equal numlW of s(jeds of both lots were weighed, and the 
crossed seeds were to the self-fertilised in weight as 100 to 82. 
Theretbre a cross increases the number of capsules produced and 
the w’eight of the seeds, but not the number of seeds in each 
capsule. 

Th(iso two lots of seeds, after germinating on sand, were 
jjlanted on the opjwsite sides of three pots. The seedlings 
when from 6 to 7 inches in height were equal. The plants 
were measured when fully grown, but their heights were so 
unequal in the several pots, that the result cannot be fully 
trusted. 


Table LXXV. 
Kolana prostrata. 


No. of Puti 1 

• 

Crossed Plants. 

! 

i Self-fertilised Plants. 

I. 


Inches. 

• H 

n 

11. 

m 

1*1 


18 

18 

III. : 

201 

' 22f 

Total in inches. 

63-75 

67-00 


The five crossed plants average 12 ‘75, and the five self-, 
fertilised 13 '4 inches in height; or as 100 to 105. 
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CHAPTEE VI. 

SOLANACE.E, PAIMULACEJS, P0LYGONE.E, ETC. 

Petunia violacea, crossed and self-fertilised plants compared for four 
generatims — Effects of a cross witli a fresh stock— Uniform colour 
of the flowers on the self-fertilised plants of the fourth generation 
— Nicotiana tabaciim, crossed and self-fertilised plants of equal 
height — Great effects of a cross with a <listinet sub-variety on the 
lu'ight, but not on the fertility, of the offspring — Oyclaincii per- 
sicuin, crossed seedlings greiitly superior to the self-fertilised — 
Anagnllis collina — Primula veris — Equid-styled vari(‘ly of Primula 
veris, fertility of, greatly incre.ased by a cross with a fresh stock — 
Fagopyrum esculcntum — Beta vulgaris — Canna wursc'cwiczi, crossed 
and self-fertilised plants of equal hciight— Zca mays—Phalaris 
ctinarieiisis. 

XXV. SOLANACEiE.— -Petunia violacea. 

Dingy imrple varUiy, 

The flowers of tliis plant arc so seldom visited during the day 
by insects in this country, that I have never seen an instance ; 
but my gardener, on whom 1 can rely, once saw some liumblc- 
bees at work. Mr. Meehan ss-ys,* that in the United States 
l)ees bore through the corolla for the nectar, und adds that tlieir 
" fertilisation i.s carried on by night-moths.” 

In France M. Naudin, after castrating a lai'gcj number of flowers 
whilst in bud, left them exjiORed to the visits of insects, and 
about a quarter x^rcxluccd capsules ;t but I am convinced that 
a much larger proportion of flowers in my garden arc cross- 
fertilised by insects, Ibr protecteil flowers with their own pollen 
placed on the stigma never yielded, nearly a full cor^jdement of 
seed ; whilst those left uncovered produced fine capsules, showing 
that pollen from otlicr plfints must have been brought to them, 
probably by moths. Plants growing vigorously and flowering in 
Dots in the green-house, never yielded a single capsule; and 

‘ Proc. Acad. Nat. Sc. of Phil- t ‘Annalcg des Sc. Nat.’ 4th 
adelphia,’ Aug. 2nd, 1870, p. 90. Bcrics, Boi. tom. ix. cah. 5. 
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• this m^y bo attiubuted, at least in chief part, to the exclusion 
of moths. • 

Six flowers on a plant covered by a net were crossed with 
lX)llon from a distinct plant and produced six capsules, containing 
by weight 4*44 grains of seed. Six other flowers were fertilised 
with tlieir own jxdlen and produced only three capsules, con- 
taming only 1*49 grains weight of seed. From this it follows 
that an eciual niunber of cro.ss(.‘d and self-fertilised capsules would 
liavc contained seeds by weight as 100 to 67. I should not have 
thought the proportioufti contents of so few capsules worth 
giving, had not nearly the same result been confirmed^ by several 
subsequent trials. 

Seeds of the two lots w<,^re placed on sand, and many of the 
self-fertilised seeds germinated before the crossed, and were 
rejected. Several pairs in an equal state of germination were 
planted on the oi)i)Osite sides of Pots I. and II. ; but only the 
tallest plant on each side was measured. Se(^ds were also sown 
thickly on the two sides of a large pot (III.), the seedlings being 
afterwards thinned, so that an equal number was left on eilush 
side ; the throe tallest on each side being measured.* The pots 
were kept in the greenhouse, and the plants were trained up 
sticks. For som(3 time the young crossed plants had no ad- 
vantage in lieight over the self-fertilised; but their leaves 
w'cre larger. AVlien fully grown and in flower the plants were^ 
measured, as follows : — 

Table LXXVI. 


Petunia violacea (^Ftrst Generation), 


No. of Pot. 

Crossed Plants. 

; S('lf-fertiliscd Plants. 

I. 

Inches. 

ao 

i 

1 

Indies. 

20 j 

II. 

:',+i 

1 

27 J 

m. 

34 


28 J 

t 

* yo| 

1 

27 j 


25 


26 

Tota) in inches. 

1 154 

r 

130 


The five tallest crossed plants here average 30 *8, and the fi^ve 
tallest self-fertilised inches in height, or as 100 to 84. 
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Three capsules were obtained by crossing flowers on the 
above crossed plants, and three other capsules by again self- 
fertilising flowers on the self-fertilised idaiits. One of the latter 
capsules api)eared as fine as any one of the crossed cajisules ; 
but the other two contained many imperfect seeds. From these 
two lots of seeds the plants of the following generation were 
raised. 

Crossed itiid Self-fertilised Plants of the Serond Generation . — As in 
the la.st generation, many of the self-fertilised seeds germinated 
liefore the crossed. 

Seeds in, an equal state of germination were planted on the 
opposite sides of three pots. The crossed seedlings soon greatly 
exceeded in height the self-fertilised. In Pot L, wlum the tallest 
crossed i)laiit was lOi inches high, the tallest self-hTtilised was 
only 3i inches ; in Pot II. the excess in height of the crossed was 
not quite so great. The plants Avere treated as in the last gene- 
ration, and when fully grown measured ns before. In Pot III. 
lx)th the crossed plants were killed at an early age by some 
animal, so that the self-fcrtili.sod had no com}>etitors. K(‘vcrthe- 
less these two self-fertilised plants were measured, and arc in- 
cluded in the following table. The crossed plants flowered long 
before their self-fertilised opponents in Pots I. and II., and Ixffore 
those growing separately in Pot III. 

Table LXXVII. 


Petunia violaeea (Heeond Generation). 


Nn. of Pot. 

1 

C'roRswi PliuJtR. 

Solf'frrtilistM Plants. 



• 


Inches. 

lnrl«-s. 

1. 




»!jj 

8 

11. 


.‘ir’ij 



28 

III. 

0 

Aiij 


0 " 

. 

Totfd in inches. 

o 

157-5 


* 



The four crossed ]dants average 40 ‘5, and the six self-fer- 
• tilised 26*25 inches in height; or as 100 to 65. But this great 
inequality is in part accidental, owing to some of the self- 
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fertilis*ecl plants being very short, and to one of the crossed being 
very tall. * 

Twelve flow'crs on those crossed plants were again crossed, and 
eleven capsules were produced ; of these, five were poor and six 
good; the hitter contained by weight 3*75 grains of seeds. 
Twelve flowers on the self-fertilised plants were again fertilised 
with their own pollen and produced no less than twelve capsules, 
and th(', six finest of these contained by weight 2*57 grains of 
seeds. It should however be observed that these latter capsules 
were produced by the ])lants in Pot III., which were not exposed 
to any competition. I1ie seeds in the six fine crosj^ed capsules 
to those in the six finest self-fertilised capsules were in weight 
as 100 to 08. From these seeds the plants of the next generation 
were raised. 

Croaseti iiud SiJf-fertilhed riant h of the Third Generation. — The 
alx)ve seeds were placed on sand, and after germinating were 
])lanted in i)aira on the opposite sides of four pots; and all the 
remaining seeds were thickly sown on the two sides of a fifth large 
]X)t. Tlic result ivas surprising, for the self- fertilised seedfings 
very early in life beat the crossed, and at one time were nearly 
double their height. At first the case appeared like that of 
Mimulus, in which aftia* the third generation a tall and highly 
sell-fertile variety a])])eared. But as in the two succeeding 
generations the crossed plants resumed their former superiority 
over the self-fertilised, the case njust be looked at as an anomaly. 
The sole eoiijecturo which I can form is that the crossed seeds 

Table LXXYIII. 

Petunia viohicdh {Third Generation ; jdants very yonuy). 


N«». ofl'nt. ! 

Crossed Blunts. Self-fortiliRcd Plants. 

• ! 

Inches. Inches. 

I. 

13 , 


1 4} 

11. 

# M ' 


5S 1 61 

III. 

* ‘ \ .5-3 

IV. 

13 i 53 

Total in inches. 

IS-CS 36'50 
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had not been sufficiently rijmed, and thus produced weakly 
plants, as occurred with Iberis. When the crossed plants were 
between 3 and 4 inches in height, the six finest in four of the 
pots were measured to the summits of their stems, and at the 
same time the six finest of the self-fertilised i)lant8. The 
measurements arc given in the preceding table (LXX VI II.), and 
it may be here seen that all the self-fertilised plants exceed their 
opponents in height, whereas when Rubseipiently measured the 
excess of the self-fertilised depended chiefly on the unusual tall- 
ness of two of the plants in Pot 11. The crossed plants here 
average 3*27, and the self-fertilised 6*08 inches in height; or 
as 100 to 18(5. 

AVhen fully grown they were again measured, as follows : — 
Table LXXIX. 


Petunia violacea (Third Generation ; plants ftdly (jrow7i). 


N(». of Put. 

Crossed Plants. 

1 

Plants*. 


Inches. 

i Jnchex. 

I. 


! 405 


48 

1 39 


36 

48 

II. 

36 

47 


21 

i 805 


36 « 

1 805 

III. 

52 

46 

IV. 

57 

* * 435 

Total in inches. ! 

i 

327*73 

431-00 


The eight crossed plants now averaged 40 * 96, and the eight 

* selt-fcrtiliscd plants 63*87 inches in height, or as 100 to 131 ; and 
this excess chiefly depended, as already stated, on the unusual 
tallness of two of the self-fertilised i)lantR in Pot II. The self- 
fertilised had therefore lost some of their fonner great su|)eriority 
ovpr the crossed jilants. In three of the pots the self-fertilised 
plants flowered first ; but in Pot III. at the same time witli 
the crossed. 

• The case is rendered the more strange, because tlio crossed 
plants in the fifth pot (not included in the two last tables), in 
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which* all the remaining seeds had been thickly sown, were from 
the first 'finer plants than the self-fertilised, and had larger 
leaves. At the period when the two tallest crossed plants in 
this pot were 6J and 4 J inches high, the two tallest self-fertilised 
were only 4 inches. When the two crossed plants werc^ 12 and 
10 inches high, the two self-fertilised were only 8 inches. These 
latter plants, as well as many others on the same side of this pot 
never grew any higher, whereas several of the crossed plants 
grow^, to the height of two feet ! On account of this great 
superiority of the crossed plants, the plants on neither side of 
this pot have been included in the two last tables. • 

Thirty flowers on the crossed plants in Pots I. and IV. (Table 
LXXIX.) were again crossed, and produced seventeen capsules. 
Thirty flowers on the self-fertilised plants in the same two pots 
were again self-fertilised, but produced only seven capsules. 
The contents of each capsule of both lots were placed in separate 
watch-glasses, and the seeds from the crossed appeared to the 
eye to lie at least double the numlicr of those from the self- 
fertilised capsules. 

In order to ascertain whether the fertility of the self-fertilised 
plants had Ikjcii lessened by the plants having been self-ferti-* 
Used for the three previous generations, thirty flowers on the 
crossed plants were fertilised witn their own pollen. These 
yielded only five capsules, and their seeds being placed ih 
separate watch-glasses did not setim more numermis than those 
from the capsules on the self-fertilised plants self-fertilised for 
the fourth time. So Ihat as fur as can be judged from so few 
capsules, tlie self-fertility of the Fclf-fertilised plants had not 
decreased in comparison with that of the plants which had 
l)een intercrossed during the three previous generations. It 
should, liowever, be rememlK^rcd that both lots of plants 
had l>cen subjected in each generation to almost exactly similar 
conditions. 

Seeds from the crosscnl jflants again crossed, and from the self- 
fertilised again sclf-fertilisec^ produced by the jflants in Pot I. 
(Table LXXIX.), in wliich the tliree self-fertilised plants were 
on an average only a little taller than the crossed, were used in 
the following experiment. I'hcy were kept separate from tvn 
similar lots of seeds produced by the two plants in Pot IV. in 
the same table, in wliich the crossed plant was much taller than 
its self-fertilised opponent. 

Cfomd and aelf^fartiliaed Plants of the Fourth Genemtion 

O 
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(mised from the Plants in Pot /., Table LXXIX,). — Crossed and 
self-fertilised seeds from plants of the last generation in Pot 1,, 
ill Table LXXIX., were placed on siind, and after germinating, 
were planted in pairs on the opposite sides of four pots. The 
seedlings when in full flower were measured to the base of iliv 
calyx. Tlie remaining seeds were sown crowded oii the two 
.sides of Pot V.; and the four tallest plants on each side of this 
pot were measured in the same manner. 

Table LXXX. 

Petunia viulacea (Fourth Generation ; raised from Plants of the 
Third Generation in Pot /., 7*ahle LXXJX.). 


No. of Pot. 1 

CroHSf'd Phints. 

S«*lf-fortilisf0 I’lmits. 

; 

Inches. 

IlM'ht'.H. 

I. 

•21tS 

303 

i 


3+3 

1 

41* 

31 j 

11. 

.‘j:5 j 

3>l 

, 

37 ^ 

383 

38 J 



111. 

*4.; 

45i 

4.5 


erj 




IV. 

M'5 

34 


515 

0 

V. 

49 i 

323 

Crowded plants. 


2+3 

40 

2+8 


53 

• 30 

Total in inchr's. 

701-88 

453-50 


The fifteen crossed plants average 46*79, and the fourteen 
(one having died) self-fertilised plants 32*39 inches in height; or 
aa 100 to 69. So that the crossed plants in this generation hod 
recover their wonted superiority over the self-fertilised plants ; 
though the parents of the latter in Pot 1., Table LXXIX., were a 
little taller than their crossed opponents. 

• Crossed afid selffertilised Plants of the Fourth Getteraiion 
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(raised fj-om fhe Plants in Pot 7F., in Talle LXXIX.^.—^^mo 
similar lots of seeds, obtained from the plants in Pot IV. in 
Tabic LXXIX., in which the single crossed plant was at 
first shorter, but ultimately much taller than its self-fertilised 
opponent, were treated in every way like their brethren of the 
same generation in the last experiment. We have in the follow- 
ing Table LXXXI. the measurements of the present jdants. 
Altliough the crossed plants greatly exceeded in height the self- 
fertilised ; yet in three out of the five pots a self-fertilised plant 
flowered before any one of the crossed ; in a fourth pot simul- 
taneously ; and in a fifth (viz., Pot II.) a crossed jfiant flowered 
first. 


Table LXXXI. 

Petunia violacea (Fourth Generation ; raised from Plants of the 
Third Generation m Pot IF., Table LXXIX.). 


No. of Pot. 

Crossed Plants. 

Sc-lf-f»*rtilised Plants. 


inches. 

1 - 

Inches. 

I. 

40 

302 


4e 

1 28 

II. 

508 

25 


408 

i 318 



! v8 

111. 

5+i 

' 32 J 


61 i 

1 26 J 

f 

45 

i 32 

IV. 1 

30 

i 28 J 


29J 

L.._ 

V. 1 

378 

' 408 

Crowded jdaiits, * 

03 

168 

1 

•«i - 

j . 

Total in inches. | 

• 581-63 

j 349 -36 


The thirteen crossed plants here average 44 ’74, and fhe 
thirteen self-fertilised iflants 26*87 inches in height; or as 100 
to 60. The crossed parents of these plants were much taller, 
relatively to the self-fertilised parents, than in the last case ; ana 
apparently they transmitted some of this superiority to their 

o 2 
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crossed offspring. It is unfortunate that I did not turn these 
plants out of doors, so as to ol>servc their relative fertility, for 1 
coinj)ai'cd the ix)lleii from some of tlie crossed and self-fertilised 
plants in Pot I., Table LXXXI., and there was a marked dif- 
fei’cncc in its state; that of the crossed plants contained liardly 
any bad and empty grains, whilst such al)ounded in the pollen 
of the self-fertilised plants. 

The J\feds of tt (.'ros.s with a fnsh Slocic.—l procured from a 
garden in ^Vcsterllam, whence my jdaiits originally came, a 
fresh plant differing in no resj^oct from mine ('xc(‘j)t in the 
colour of thu flowers, which was a line i)uri)lc. But this plant 
must have iKien exix)sed during at least four generations to very 
different conditions from those to which my pkuts liad Injon 
subjected, as these had Ix'en grown in pots in the green- 
house. Eight flowers on tlie self-fertilised phuits in Ta])le 
LXXXI., of the last or fourth si lf-fcrtilisc^d generation, were 
fertilised witli pollen from this fresh stock; all eiglit pnxlueed 
capsules containing together by weight 5*01 grains of seeds. 
The plants raised from these seeds may be called thu Untvr/mm- 
crosse'i, ^ 

Eight flowers on the crossed plants of the last or fourt h genera- 
tion in Table LXXXI. were again crossed with ]X)llen from one 
of tlic other crossed plants, and produced live capsules, contain- 
ing by weight 2*07 grains of seeds. The plants raised from 
tlicse seeds may bo called the interrrossetl ; and tliese form the 
flftli intercrossed generation. 

Eiglit flowers on the self-fertilised ]»Iants of tlie same genera- 
tion in Table LXXXI. wore again self-fertilised, and jiroduced 
seven capsules, containing by weight 2*1 grains of seeds. The 
sdf-fertilise>I plants raised from the.se seeds form the fifth self- 
fertilised generation. These latter plants and the intercrossed 
are comparable in all re.spects with the crossed and self-fertilised 
plants of the four previous generations. 

From the foregoing data it is easy to calculate that, 

Gr. Wright 
of Seed, 

TAi Wcsterham-crossed capsules would have contained O’* 26 
Ten intercros.sed capsules would have contained . . 4*14 

^Ten self-fertilised capsules w^ould have contained . 3*00 


We tlius get the following ratios : — 
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Secfds from the Westerliam-crofised capsules to 
those from the capsules of the fifth self-fer- 
tilised generation, in weight, . . , as 100 to 48 

Seeds fi’oiii the Wc^sterham-crossed capsules to 
those from the capsules of the fifth intercrossed 
generation, as 100 to 6G 

Seeds from the intercrossed to those from the 
s(3lf-fertilised capsules, . . , .as 100 to 72 

So that a cross with pollen from a fresh stock greatly increased 
the productiveness of the flowers on plants which had been self- 
fertilised for the four previous generations, in ccfmparison not 
only \vith the flo^vers on the same plants self-fertilised for tlie fifth 
time, but wdth •the flowers on the crossed plants crossed witli 
]3ollcn from another plant of the same old stock for the fifth 
time. 

Those three lots of sc'cds wwc placed on sand, and were 
]»lanted in an (Hjmil state of germination in seven pots, each made 
tripartite by three sujicrficial piirtitious. Some of the remaining 
seeds, whetlu r or not in a state of germination, were thickly 
sown ill an ciglitli pot. The pots were kept in tlie greenhouse, 
and the jilants trained up sticks. They were first measured to 
the toi>s of their steins when coming into flower ; and tlie twoniy- 
two Westerliain-crossed ])Iant.s tlien averaged 25*51 inches; the 
tweiity-tliri'e intercrossed plants 80*88; and the twenty-tliree 
self-fertilised iilants 28*40 inches in height, thus get the 

folio wiug ratios: — 

Tlie AVesterlmuf<*rosscd jilants in height to the 
self-fertiliscni . . . . . .as 100 to 91 

The Westcrham-crosscd plants in height to the 

intercrossed as 100 to 119 

The intercrossed plants in height to the self- 
fertilised as 100 to 77* 

Those plants were again measured when their growth appeared 
on a casual inspection to be complete. But in this I was mis- 
taken, for after cutting them down, I found that the summits 
of the stems of the Westcrham-crossed plants were still growing 
vigorously; whilst the intercrossed had almost, and the self- 
fertilised had quite completed their growth. Therefore I do 
not doubt, if the three lots had been left to grow tor another 
month, that the ratios would have been somewhat different 
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fi*om those deduced from the measurements in the following 
table : — 

Table LXXXII. 

' Pt ttiuiii vidacea. 


No. of Pol. 

Wostcrimni-crossed 
Plants (from Sflf- 
fertilisixl Plants of 
Fourth Generation 
crossed by a fresh 
SU»ck). 

Intercrosses! Plants 

(Plants of ono and Self-fertilised Plants 
the .sann* Sti»ck (self-fertilised for 

intercro^a••^l for Five Generations). 

Five Generations). 


Inches. 

Inches. 

Inches. 

1- . 

6+1 


43 8 


2+ 

t)+ 

5.) i 



58 


II. 


r,!.; 

1 415 



;>SJ 

.. 41ii 



53 


in. 

02 

528 

+rij 


:y?q 

54 g 

45 


(i>i 

•’>3 

e'J 

IV. 


58 X 

37 8 


49 V 

'■•Vii 

Xii 


1 

59 j 

;v.'s 

V. 

4-'>J 

35 § 

41 « 

4.< 

5115 

.Ul; 



53 i 

54 fi 

0 

VI. 


53 

4<i 1 


01 

038 

1. 29 8 

• 

0 


14 1 

VII. 

59 § 

51 

43 


43} 

498 

128 


.508 

0 

0 

VJII. 

37 J 

388 

218 

Crowded. 

37 i 

448 

148 

Total in inches. 

CM 

O 

1190*50 

697-88 


Tfie twenty-one Westerham-crossed plants now averaged 50*05 
inches; the twenty-two intercrossed ])lants, 54*11 inches; and 
tbe twenty-one self-fertilised plants, 33*23 inches in height. We 
thus get the following ratios:— 
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The Vestorham-crossed plants in height to the 

self-feftilised as 100 to 66 

The Westerham-crossed plants in height to the 

intercrossed as 100 to 108 

Tlie intercrossed plants in height to the self- 
fertilised .as 100 to 61 

Wo here see that the Westcrham-crosscd (the oflfepring of 
plants self-fertilised for four generations and then crossed with a 
fresh stock) have gained greatly in height, since they were first 
measured, relatively to the plants self-fertilised for five genera- 
tions. Tliey were then as 100 to 91, and now as loO to 66 in 
height. The intercrossed plants (i.e., those which liad* been in- 
tercrossed for the last five generations) likewise exceed in 
heigiit the self^fortilised plants, as occurred in all the previous 
generations with the exception of the abnormal plants of the 
third generation. On the other hand, the Westerham-crossed 
plants are exceeded in l:eight by the intercrossed; and this is a 
surprising fact, judging from most of the other strictly analogous 
cases, lint as the W’cstcrham-crosscd plants were still growing 
vigorously, wliilo tlie intercrossed had almost ceased to grow, 
there cxiii hardly bo a doubt that if left to grow for another 
mouth tluy would have beaten the intercrossed in height. That 
tliey were gaining on them is clear, as wl en measured before they 
wer*. as 100 to 119, and now as only 100 to 108 iii height. The 
Wt.acrh am -crossed j)iants had also leaves of a darker green, and 
lookeil altogi^tlicr more vigorous than the intercrossed ; and whdt 
is much more iinfiortant, they produced, as wo shall presently 
sec, much heavier scod-i^apsulcs. So that in fact the offspring 
from the self-fertilised plants of the fourth generation crossed by 
a fresh stoek w^orc sujicrior to the intercrossed, as w-ell as to the 
self-fertilised plants of the fifth generation-— of which latter fact 
there could not he the least doubt. 

These three lots of jilants were cut down close to the ground* 
and weighed. The twenty-one Westerham-crossed plants weighed 
82 ounces ; tlie twenty-tw o intercrossed plants, 34 ounces, and the 
tw’enty-one self-fertilised plants 71 ounces. The following ratios 
are calculated for an equal number of plants of each kind, ^ut 
as the self-fertilised plants w^ere just beginning to wither, their 
relative weight is here slightly too small; and as the Westerham- 
crossed were still growing vigorously, tlieir relative weigh* 
with time allowed would no doubt have greatly increased. 
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The Westerlium^crpssed plants in weight to 
the self-fertilised . . . . .as 100 to 22 

The Westerh am-crossed plants in weight to 
the intercrossed . . . . .as 100 to 101 

The intercrossed plants in weight to the self- 
fertilised . i . . . . as 100 to 22*3 

■\Vc hero see, judging by weight instead of as before by lieight, 
that the Westerham-ca-ossed and the intercrossed hiive an 
immense advantage over the self-fertilised. The Westerham- 
crossed are ipferior to the intercrossed by a mere trifle ; but it is 
almost certain that if they had l>een allowed to go on growing for 
another month, the former would have completely Injaten the 
latter. 

As I had an abundance of seeds of the same tlireo lots, from 
which the foregoing plants had l)ecn raised, these were sown in 
three long parallel and adjoining rows in the oiK'ti ground, so as to 
ascertain whether under tlieso circumstances the results would l>e 
nearly the same as l»efore. Late in the autumn (Nov. 13) tlie ten 
tallest plants were carefully sele<?tcd out of each row, and their 
heights measured, witli the following result:— 


Tabue LXXXIII. 

Feiuuut i^tohtc it (jflanfs ijroxvimj in the oyen (frimntt). 


>Vj‘.«t»*rhani-cri r.sf(i 
riiiiii.H (fr.riii Sclf- 
ffM’tiliwd Plant*, (if tlio 
i'ourih (rfiicr.itioii 
croflsx tl by a 

St(X;k). 

Int -icn»iiscd Plants 
(Plants of one mid the 
banu; Siock iiit(?r- 
oroshcd for l-'ivi.* 
Generaikuiis). 

S'lf-fc|‘iliwd Plants 
(S"lM«TtiliM'»l for 
Plve (rciuTulioiis). 

Incbc'ii. 

lnchfs. 

Inches. 

a+K 

38 

27 8 

iWii 


2:i 


;!9j 

26 


' 37 

24 J 

M 

' 3G . 

22 J 


i 418 

238 

•Mi 

I 37 S 

218 

! 40 

238 

liS'l 

I 412 

218 

38 i 

i 3G 

218 . 

3GG-76 

382 *70 

1 

233*13 
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Tli8 ten Wcsterham-crossed plants here leverage 36*67 inches 
in heiglitf; the ton intercrossed plants, 38*27 inches ; and the ten 
self-fertilised, 23*31 inches. These three lots of plants were also 
weighed ; the Westerham-crossed plants weighed 28 ounces; the 
intercrossed, 41 ounces; and the self-fertilised, 14*75 ounces. 
We tlms get the following ratios : — 

The Westerham-crossed plants in height to the 

self-fertilised as 100 to 63 

The Westerham-crossed plants in weight to the 
self-fertilised . . . * . . .as 100 to 53 

The Westerham-crossed plants in height to the 

intercrossed as 100 to 104 

The Westerhaiit-crossed plants in weight to the 

iiitererosse<l as 100 to 146 

Tile intercrosscKl plants in height to the self- 
fertilised ....... as 100 to 61 

The intercrossed plants in weight to the self- 
fertilised as 100 to 36 

Here tlie r(‘lativc heights of the three lots are nearly the same 
(within three or four ])er cent.) as witli the plants in the pots. 
Ill weight there is a much greater difference : the Westerham- 
crossed exceed the self-fertilised hy much less than they (Jid 
Indore; but tliii s(‘lf-fertilisod plants in the jipts liad liecome 
slightly withertul, as before stated, and were in consequence 
unfairly light. The Westorliam-cuxissed plants are here inferior 
in weight to then intercrossed plants in a much higher degree 
than in the ]>ots; and tliis appeared due to their being much 
less branched, owing to their having germinated in greater 
iiumhcrs and consequently Indiig mucdi crowded. Their leaves 
were of a brighter green than those of the intercrossed and 
self-fertilised ])laiits. 

lieiative Fi rtility of the Three Lots of Plants , — None of the plant!! 
in iKits in the grcenliouse ever produced a capsule; and this may 
be attributed in chief pari to the exclusion of moths. There- 
fore the fertility of the three lots could be judged of only by that 
of the plants growing out of doors, which from being left 
uncoveroil were probably cross-fertilised. The plants in the 
three rows were exactly of the same ago and had been sul^ected 
to closely similar conditions, so that any difference in their fer- 
tility must be attributed to their different origin ; namely, to the 
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one lot being derived from plants self-fertilised for four genera- 
tions and then crossed with a fresh stock ; to the sccond'lot being 
derived from plants of the same old stock intercrossed for five 
generations ; and to the third lot being derived from plants self- 
fertilised for five generations. All the capsules, some nearly 
mature and some only half-grown, were gathered, counted, and 
weighed from the ten finest jfiants in each of the three rows, of 
which the measurements and weights have already Ixiim given. 
The intercrossed plants, as we bave seen, were taller and con- 
siderably heavier than the plants of the other two lots, and they 
produced a greater iniinl>er of capsules than did even the 
Westerham-irossed plants ; and this may Ikj attributed to the 
latter having grown more crowdcnl and being in conseciuence less 
branched. Therefore the average weight of an bqual numl)er of 
capsules from each lot of plants sticms to be the fairest standard 
of comi)ari8on, as their weights will have been determined chiefly 
by the number of the included seeds. As the intercrossed plants 
were taller and heavier than the jilants of the other two lots, it 
might have been expected that they would have j>roducedthe finest 
or heaviest capsules ; but this was very far from being the case. 

The ten tallest Westerham-crosscd plants i)roduced 111 ripe 
and imriiK) capsules, Aveighing 121*2 grains. Therefore 100 of 
such capsules would have weighed 100 * 18 grains. 

The ten tallest intercrossed plants produced 120 capsules, 
weighing 76 *45 grains. Therefore 100 of tliese capsules wwld 
have weighed 09*26 grains. 

The ten tallest self-fertilised plants produced only 44 capsules, 
weighing 22*35 grains. Therefore 100 of thes^ capsules would 
have w eighed 50*70 grains. 

From these data we get the following ratios for the fertility of 
the three lots, as deduced from the relative weights of an equal 
number of capsules from the finest plants in each lot: — 

•Westerham-crossed plants to self-fertilised 

plants as 100 to 46 

Westerham-crosscd plants to intercrossed plants as 100 to 54 
Intercrossed plants to self-fertilised plants . as 100 to 86 

We here see how potent the influence of a cross with pollen 
from a fresh stock has been on the fertility of plants self-fertilised 
fipr four generations, in comparison with plants of the old stock 
when either intercrossed or self-fertilised for five generations; the 
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• flowerS on all these plants having been left to be freely crossed 
by insects or to fertilise themselves. The Westerham-crossed 
plants were also much taller and heavier plants than the self- 
fertilised, both in the x>ots and open ground; but they were less 
tall and heavy than the intercrossed i)lants. This latter result, 
however, would almost certainly have been reversed, if the 
j)lant.s had been allowed to grow for another month, as the 
Westerham-crossed w^ere still growing vigorously, whilst the 
intercrossed had almost ceased to grow. This case reminds us of 
the somewhat analogous one of Eschscholtzia, in which plants 
raised from a cross with a fresh stock did not grow higher than 
the self-fertilised or intercrossed plants, but producc*d a greater 
nuinlxjr of seed-capsules, which contained a far larger average 
numlxjr of seeds. * 

Colour of ihv Flavors on the above Thee LoU of riartts. — The 
original mother-plant, from which the five successive self-fertilised 
generations were raised, l¥)ro dingy purple flow'ers. At no time 
w'as any selection practised, and the plants were subjected in 
each generation to extremely uniform conditions. The result 
was, as in some previous cases, that the flowers on all the self- 
fertilised ]>lants, lx)th in the pots and open ground, were 
absolutely unifoim in tint; this l>eing a dull, rather peculiar 
flesh colour. This uniformity w^as very striking in the long row 
of plants growing in the open ground, and these first attractq^ 
my attention. I did not notice in which generatign the original 
colour began to change and to l>ecome uniform, but I have every 
reason to Indieve that the change was gradual. The flowers on 
the iiit(Tcrossed jiJants wore mostly of the same tint, but not 
nearly so uniform as those on the self-fertilised plants, and many of 
them were jjalc, ajiproaohing almost' to wdiite. The flow’ers on the 
l)lants from the cross with tlie purple-flowered Westerham stock 
wore, us might have Ixicn expected, much more purple and not 
nearly go uniform in tint. The self-fertilised plants were also 
remarkably uniform in height, as judged by the eye; the inter- 
crossed loss so, whilst tlie Westerham-crossed plants varied much 
in height. 


Nicotiana tabacum. 

This plant offers a curious case. Out of six trials with crossed 
and self-fertilised plants, lielonging to three successive genera- 
tions, in one alone did the crossed show any marked superiority^ 
in height over the self-fertilised; in four of the trials they were 
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approximately equal ; and in one (i.e., in the first genetalion) 
the self-fertilised plants were greatly superior to the crossed. 
In no case did the capsules from flowers fertilised with iM)lleii 
from a distinct plant yield many more, and sometimes they yielded 
much fewer seeds than the capsules from self-fertilised flowers. 
But when the flowers of one variety were crossed witli pollen 
from a sligldly different variety, wliich had growm under 
somewhat different conditions,— that is, by a fresh stock, — the 
seedlings derived from this cross exceeded in height and weiglit 
those from the self-fertilised flowers in an extraordinary dcgix^c. 

Twelve flowers on some plants of tlie common tolxicco, raised 
from purchased seeds, were crosscui with pollen from a distinct 
plant of the siinic lot, and these prcxlnced ten (‘apsulcs. Twelve 
flowers on the same plants were fertilised with'lheir own ]) 0 llen, 
and produced t‘leven cai)sules. The seeds in the ten crossed 
capsules W’cighed 81*7 grains, wliilst tliose in ten of the self- 
fertilised capsules w(‘ighed 47 *67 grains; or as 100 to 150. The 
much greater produetiveue.ss of the self-fiTtilised tiwin of the 
crossed capsules (uin hardly be attributed to chance, as all the 
capsules of both lots were very fine and healthy ones. 

The seeds were placed on sand, and sevt;ral pairs in an equal 
state of germination w ere ]>Ianted on the op}H)site sides of three 
pots. The remaining seotls wx‘ro thickly sown on the two shies 
of Pot IV., so that the plants in this jKjt were much crowded, 
^he tallest jAant on each side of each jwt was measiu’cd. Whilst 
the plants wdxj quite young the four tallest crossed plants 
averaged 7*87 inches, and the four tallest self-fertilised 14*87 
inches in height,; or as UK) to 188. Tlie heights at this age are 
given in the two left columns of the following table. 

When in full flower tlie tallest plants on cacli side were again 
measured (see the tw o right-hand columns), w ith the following 
result. But I should st4ite tliat the iiots w*ere not large enough, 
and the plants neveu* gi-ew to their proper height. Tlie four 
tallest crossed plants now averageii 18*5, and the four tallest 
self-fertilised plants 32*75 inches in heiglit; or as 100 to 178. 
In all four pots a self-fertilised plant flowered liofore any one of 
the crossed. 

In Pot IV., in which the plants were extremely crowded, the 
two lots were at first equal ; and ultimately the tallest crossed 
plant exceeded by a trifle the tallest self-fertilised plant. This 
l^called to my mind an analogous case in the one generation of 
Petunia, in whicli the self-fertilised plants were throughout 
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Table LXXXIV, 

Nicotiana tabacum (First Gcneraiion'), 



:May 

20, 1HC8. 

Di'ceinber 6, 1868. 

No. of Pot. 

Cnwscd 

Plants. 

1 JM.ints. 

(.'rossDii 

Plants. 

St‘lf-fritllised 

Plants. 

I. 

liidp's. 

I'-l 

Incho.s. 

1 ‘J(> 

Inclirs. 

40 

Jnchfs. 

44 

11. 

:j 15 

r,i j 4:5 

111. 

8 

1 

. 1.5 


IV. 

Crowiloil. 



111 

! 

i 

11 

Tot'll in 
inchv.s. j 


1 5y*5 

1 74*0 

1 

1 

i;u*o 


their prowth taller than the ciDssccr in all the iwts except 
in the crowded one. Aocordinf?ly another trial was made, and 
some of the same crossed and self-fertilised seeds of tobacco 
were sown thickly on oi)poHito sides of two additional pots ; the 
[)lants being left to grow up much crowded. When they were 
Ixjtween 13 and 14 inches in lieight there w^as no difiFcrenge 
between the two sides, nor was there any majked diifercnce 
when the plants had grown as tall as they couM ; for in one pot 
the tallest crossed i)lant 'was 26i inches in height, and exceeded 
by 2 inches the tullest self-fertilised plant, whilst in the other 
iK^t, the tallest crossed plant was shorter by 3J inches than the 
tallest self-fertilised jilaiit, which w^as 22 inches in height. 

As the plants did not giw to their proper height in the above 
small pots in Table LXXXIV., four crossed and four self-fertilised 
plants were raised from the same seed, and were planted in pairs 
on the op}X)site sides of four very large pots containing 3*ich soil f 
so that they were not exposed to at all severe mutual competition. 
When these plants w^re in flower I neglected to measure them, 
but record in my notes that all four self-fertilised plants cxr 
ceeded in height the four crossed plants by 2 or 3 inches. Wo 
have seen that the flowers on the original or imrent-plants w'luch 
were crossed with pollen from a distinct plant yielded much fewer 
seeds than those fertilised with their own pollen ; and the triai 
just given, as well as that in Table LXXXIV., show us clearly 
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that the plants raised from the crossed seeds were inferior in 
height to those from the self- fertilised seeds ; but only when not 
greatly crowded. When crowded and thus subjected to very severe 
competition, the crossed and self-fertilised i^lants were nearly 
equal in height. 

Crossed and silf-fei't'dised^riants of tlic Second Generation . — 
Twelve flowers on the crossed plants of the last generation 
growing in the four large i)ots just mentioned, were crossed with 
pollen from a crossed plant growing in one of the other |X)t8 ; 
and twelve flowers on the self-fertilised plants were fertilised 
with their own pollen. All these flowers of lx)th lots pro- 
duced fine t?a])suleR. Ten of the crossed capsules contained by 
weight 88*92 grains of seeds, and ten of the self-fertilised 
capsules 37 * 74 grains ; or as 100 to 97. Some of these seeds in 
an equal state of germination were planted in pairs on the 
opposite sides of five largo pots. A good many of the crossed 
seeds germinated before the self-fertilised, and were of course 
rejected. The plants thus raised were measured when several 
of them were in full flower. 

Table LXXXV. 


Nicoiiana iahacnm (^Second Generation'), 


No. of Pot. 

Crossed Plants. 

Self>fertilit(ed Plants. 


Inclios. 

Inches. 

I. • 

i+ii 

27 S 


78 J 



9 

50 

11. 

60 j 

16| 


44f 

7 


10 

o 

asit. 

III. 

1 

n 

87 (A) 
8lj(«) 

IV. 

fif j 

10 


31 

43 1 


69i 

4 

V. 

99| 



29J 

3 

Total in inches. 

511-63 

413-75 
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Thi thirteen crossed plants here average 39*35,# and the 
thirteen fertilised plants 31*82 inches in height; or as 100 
to 81. But it would he a very much fairer plan to exclude all 
the starved plants of only 10 inches and under in height ; and 
in this case the nine remaining crossed plants average 53*84, 
and the seven remaining self-fertilised plants 51*78 inches in 
height, or as 100 to 9G ; and this difference is so small that the 
crossed and self-fertilised plants may be considered as of equal 
heights. 

In addition to these plants, three crossed plants were planted 
separately in three largo pots, tod three self-fertilised plants in 
tlu'ee other large pots, so that they were not exposed to any 
competition; and now the self-fertilised plants exceeded the 
crossed in heighf by a little, for the three crossed averaged 55 *91, 
and the three self-fertilised 59*16 inches; or as 100 to 106. 

Crossed and self-fcriil ised Plants of the Third GeneratUm . — As I 
wished to ascertain, fii*stly, whether those self-fertilised plants of 
the last generation, w’hich greatly exceeded in height their crossed 
opponents, would transmit the same tendency to their offspring, 
and secondly, whether they possessed the same sexual constitu- 
tion, I selected for exj^eriment the two self-fertilised plants 
mai'ked A and B in Pot III. in Table LXXXV., as these two 


Table LXXXVI. 


Isicotiana tahirnm (^Thinl Generatiosi)* 
Seedlings from the Self-fertilised Plant Ain Pot II 
Table LXXXV., of the last or Second Generation, 


f 


From Si'lf-fertlliscd 


From Solf-fertilised 

Plant again self-ferti- 

No. of Pot. 

I’laiit, crossed by a 

Used, forming the 


CrosiKKi PUnt. 

Third Skdf-fortilised 



(kuieration. 


Inciies. 

Inches. 

I- 

100 i 

98 


91 

79 

II. 

• no? 

591 

1 

j 10'>l 

66 1 

III. 

1 104 

79i 

IV. 

84j 

no| 

j 

76J 

64J 

Total in inches. | 

666-75 

557-25 
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were of learly equal height, and were greatly superior to their 
crossed opponents. Four flowers on each plant wore •fertilised 
with their own p Jlen, and four others on the same plants were 
crossed with pollen from one of the crossed plants growing in 
another pot. This plan differs from that l)efore followerl, in 
which seedlings from crossed plants again crossed, have been 
compared with seedlings from self-fertilised x>l»nts again self- 
fertilised. The seeds from the crossed and self-fertilised capsules 
of the alx)vc two plants were placed in separate watch-glasses and 
compared, but wore not weighed ; and in lx)th cases those from 
the crossed capsules s€Kmied to 'be ratlicr less nunmrous tlnn 
those from tte self-feiiilised capsules. These seeds were planted 
ill the usual manner, and the heights of the crossed and self- 
fertilised seedlings, wlien fully grown, arc given *in *the precluding 
and following table, LXXXVl. and LXXXVJI. 

Tbe seven crossed plants in the first of these two tables average 
95*25, and the seven self-fertilised 79 *0 inches in height ; or as 
100 to 83. In half the pots a crossed plant, and in the othcir 
half a self-fertilised plant flowered first. < 

We now come to the seedlings raised from ^the othe r parent- 
plant B. 

Table LXXXVIT. 


Kicotiana tuhxcum (Third G deration). 
Seedlings from the Self -fertilised Flint B in Pot IIL, 
Table fXXX T., of the last or Sirond Generation, 




From Self-ferillisi d 


From Solf-fertlliM*d 

Pbiui again sclf-ferti- 

2^0. of Pot, 

Plant, crossed by a 

Used,. forming ihe 


Crossed Plant. 

Tlilrd .s-lf-fertillsed 



(ieneration. 


Iiich<;8. 

* Inches. 

I. 

87 i 

m 


49 

148 

11 . 

98| 

73 


0 


III. 

99 * 



106j 


15| 

73 1 

IV. 

97 f 

48; 

V. 

48 S 

81| 


0 

61 1 

Total in inches. 

495-50 

641*75 
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Tb8 seven crossed plants (for two of them died) hcix) average 
70'.78 inches, and the nine self-fertilised plants 71*3 inches in 
height; or as 100 to barely 101. In four out of these five pots, 
a self-fertilised^ plant flowered before any one of the crossed 
plants. So that, differently from the last case, the self-fertilised 
plants are in some respects slightly superior to the crossed. 

If we now consider the crossed and self-fertilised plants of the 
three generations, we find an extraordinary diversity in their 
relative heights. In the first generation, the crossed plants were 
inferior to the self-fertilised as 100 to 178 ; and the flowers on 
the original parent-plants which were crossed w’ith jyllen from a 
distinct plant yioldctl much few'er seeds than the self-fertilised 
flowers, in tin* proiKirtioii of 100 to 150. But it is a strange fact 
that the self-fertilised plants, which w^*re subjected to very sevire 
comi)etifion with the crossed, had on two occasions no advan- 
tage over them. The inferiority of^thc crossinl i-^lants of this first 
gonerativ)ii cannot be attributed to the immaturity of the seeds, 
for I carefully examined them ; nor to the seeds Inniig disease^] 
or in any way injured in some one cnjisuh^, for the contents of 
the ten crossed cai)sules w('re mingled together and a few taken 
by chance for sowing. In the second generation the crossed and 
self-fertilised ])hints w’erc lu'aiiy equal in height. In the third 
generation, crossed and selt-fcrtilised seeds wen^ obtained from 
two i)huits of the ])revious generation, and tlie sei*dliijgs raised 
from them differed remarkably in constitution ; thtf crossed in the 
one case exceeded the self- fertilised in height in the ratio of 100 
to 83, and in the other case were almost equal. This difference 
between the two hUs, raised at the same time from two j)lants 
growijig in the s’amc ix)t, and treated in every rospc'ct alike, as 
well as the extraordinary superiority of the self- fertilised over 
the crossed plants in the first generation, considered together, 
make me Mieve that some individuals of the present species 
differ to a certain extent from otlicrs in their sexual affinities (to^ 
use the term employed by Gjirtner), like closely allied s]3ecies of 
the same genus. Conse(|ueijtly if two plants which thus differ 
are crossed, the seedlings suffer and are beaten by those from 
the self-fertilised flowers, in wdiich tin; sexual elements are of 
the same nature. It is known* that with our domestic animgls 

* I have given evidence on mestication/ chap, xviii. 2nd’e<lit. 
this head in my ‘Variation of vol. iL p. 146. ’* 

Animals and Plants under Do- 
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ccrtiiin individuals arc sexually iiicomimtiblc, and will not 
produce offspring, although fertile with other individuals. But 
Kiilreuter has recorded a case’*' which l>ears more? closely on our 
jiresent one, as it shows that in the genus Nicotianji the varieties 
differ in their sexual affinities. He experimented on five 
varieties of the common tobacco, and ])r()ved that tlu‘y were 
variotics by showing that they were ]>erftetly fertile when re- 
ciprocally crossed; but one of these varieties, if used either as 
the father or the motlu'r, was more fertiU^ than any of the others 
when crossed with a widely distinct species, .V. ffhitiuomi. As the 
different varieties thus difftT in their sexual affinities, there is 
nothing suriirising in the iialividuals of the same variety differ- 
ing in a like maini(;r to a slight degree. 

Taking the plants of tlie three gdieratioUs altogether, the 
crossed show no su]»oriority over the self-fertilisod, and 1 can 
account for this tact only by supposing tliat with this siH‘cies, 
wliicli is jK'rfeelly sell-fertile without ins(‘ct aid, most of the indi- 
viduals are in tlu^ same eondithai, as those of the same variety 
of the common ]»ea and of a AiW otlier exotic ])lants, which 
liavo been s( ‘If- fej'tilised for many gem-rations. In such cases a 
cross between two individuals does no good ; nor does it in any 
case, unless the individuals differ in gemu'al constitution, either 
from so-cal](!d spontaneous variation, or from their ])n)genitors 
having been sul»jected to diff(jri*iit conditions. I believe that 
this is the tree ex|»laiiatioii in tlie present instance, beeauso, as 
we shall immediately see, tlie offspring of jdauts, which did not 
]>rofit at all l>y being crossed witli a }»laut of tlie same stoitk, 
jirolitcd to an c:xtraordiiiaj*y degree by a cross with a slightly 
different sul)-vari(;t y. 

Thr Effv.cis vf a (h’oss ivHh a fnsji — I ])rocurod somc seed 

of A. tuhftcdin from J\ew ami raisi*d some iilauts, wliich formed 
a slightly different sub- variety from my forimir idaiits; ns the 
llowers were a shade pinker, the l(‘aves a little more jiointod, and 
tile plants noi ([niteso tall. Therefore the advantage in heigJit 
whiirh the sc(‘dlings gained hy this cross cannot bo attributed to 
direct inln rilance. Two of the plants of tbe third self- fertilised 
generation, growing in Pots II. and V. in Table LXXXVII., 
wjiich exccf^dud in heiglit tbeir crossed oiiponeiits (as did their 
jiarents in a still liigher degree) were fertilised with ludlen 
from the Ivew imints, that is, by a fresh sto(jk. The seedlings 

t . 

‘Has Oesclilcchl <lcr l*lUiiizeu, Zweito Fortsetzmig/ 17GI, p. 55-GO. 
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thus* raised may Ih) called the Kew-crossod. Some other flowers 
on the kiine two ])lants were fertilised with their own pollen, 
and the seedlings thus raised form the fourth self-fertilised 
generation. The crossed capsules produced by the plant in 
Pot II., Table LXXXVII., were plainly less fine than the self- 
fertilised (%‘ij)sules on the same plant. In Pot V. the one flnest 
c?ai)snle was also a self-fertilised one; but the seeds produced 
by the two (U’ossed capsules together excw.ded in number those 
luodiicod by the two self-feriilised capsules on the same plant. 
Therc^fore as far as the flowers on the jiarent-plants are con- 
cerned, a cross with ])ollcn from a fresh stock diet little or no 
good; and I did not cxi>oct that the offspring would have re- 
ceived any benefit, but in this I was completely mistaken. 

The crossed and self- fertilised seeds from the two plants were 
placed on bare sand, and very many of the crossed seeds of Ixith 
sets germinated before the self-fertilised seeds, and protruded 
their radicles at a quicker rate. Hence many of the crossed 
seeds had to l»e rejected, iKjfore pairs in an equal state of germina- 
tion were obtained for planting on the opposite sides of sixteen 
large pots. The two series of si'edlings raised from the parent- 
plants in the two Pots IT. and V. were kept *separate, and when 
fully grown were measured to the tips of their highest leaves, as 
shown in tlie following double table. Hut as there w^as no uniform 
dill’erence in height between the crossed and self-fertilised seocl- 
Jings raided from the two plants, their heights hifve been added 
together in calculating the averages. 1 should state that by the 
accidental fall of a large bush in the greenhouse, several plants 
in both the seriA were much injured. These were at once 
measured together with their n]>poncrits and afterwards thrown 
away. The others wore left to grow to their full height, and 
werti measured w hen in flower. This accident accounts for the 
small bt‘ight of some of the pairs, but as all the pwi's, whether 
only partly or fully grown, were measured at the same time, tlicp 
measui^cments are fair. 

The average height of tbo»twcuty-six crossed plants in the six- 
teen pots of the two series is 63*29, and that of the twenty- 
six self-fertilised x>laiits is 41*67 inches; or as 100 to 66. The 
superiority of the crossed plants w^as shown in another w’Ry, 
for in every one of the sixteen pots a crossed plant flow*ercd 
before a self-fertilised one, with th(j exception of Pot VI. of the^ 
second series, in wliich the plants on the two sides flowered 
simultaneously. 

p 2 
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Table LXXXVIII. 

. Nicoiiana tabacura, 

riants raised frmi two riants cf the Third Sidf-fertillscd 
Geveration in Pots IL and V., in Table J.X.XX VJI. 


From Pot 11., Table LXXXVII. j; 

Fnim ]*ot V.. Table LXXXVJI. 



Pliiiifs of th« ! 



Plaids f»f tlie 

Xo. of Pot. 

Kow-crossed 

Fourth Srlf- . 

No. of J*ot. 

KfW-croased 

hmrth Sflf- 

riiUits. 

fortilisod tien- 

Plaids. 

,f«-rillis4 (1 Oon- 


1 

cratnm. ! 



•oration. 


Inclios. 

liichfs, ! 


liichos. 

1 lllfllCS. 

1. 

1 

; 

I. 

77g 

so 


! 

7> i 


' 7V 

. 

11. 

i 

i 

11. 

53:1 

: 27 J 


48 

70 


18 

7 

111. 

77 

i-’S 

111. 

70 g 

00 g 


77, 





IV. 

41*^ 

21 »J 1 

IV. 

i"*ij 



I.')',* 

32 : 


fi 


V. 

8‘J 

s.") 

V. 

04 J 



17 

■ 

i 


VJ. 

1 

80 

VJ. 

78 

78 jj 

VII. 


4hJ 

Vll. 

H:>i 

01 1 


; 7GJ 


i 



Vlll. 

8;ij 

: 

Vlli. j 

I 

05 

78 ji 





72 fi 


Total iiiV 
inches./* 

1»02-<J3 

j 036 'i;j i 

Total ini 
inches./ 

743-13 

447*38 


♦ 

Some of the remaining seeds of l)oth scries, wliotber or not in 
a state of germination, were thickly sown on the opposite sides 
of two very large pots ; and the six highest plants on each side 
ofnuich pot were measured after they had grown to nearly their 
full height. But their heights were much loss than in the 
former trials, owing to their extremely crowded condition. Even 
whilst quite young, the crossed seedlings manifestly had much 
broader and finer leaves than the self-fertilised seedlings. 
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Table LXXXIX. 

Nicot ian a tahacum. 

Plants of the fiame parentage as those in Table LXXXVTTL, 
bat groioa extremely crowded in two lanje pots. 


From lV.t H., Table LXXXVII. Fr(»m Pot V., Table LXXXVll. 


ive\v-(Tossod ■ 
Plants. 


j Plnntsoftbe 
I Fourth Si‘ir-r<*rti- 
‘ list'd <.Jonerution. 


Kew-crossctl 

Plants. 


j Plants of the 
' Fourth Si'lf-ferti- 
lised (reneration. 


InclH'S. 

Inclips. 

41.M 


:u 



UW* 


v> 




• i‘> 


1 101 •: 


Inches. 

lufhi* 

44 g 

22 

421 

1 21 

-"s 

1« 

-n 

I lo 


1 0 

24 « 

1 14 

202*70 i 

lor.' 


The twelve tallest crossed plants in the two pots belonging to 
the two series average here 31 *53, and the tw(‘lve tallest self-ferti- 
lised plants 17*21 inches in heiglit; or as 100 to 51. The jdants 
on iMith sides, when fully groAvn, somii time after they had been 
measured, were cut down close to the ground and weighed. 
The tw(!lvo crossed plants weighed 21*25 ounces; and the 
twelve self-fertiV-sed plants only 7*83 ounces; or in weight as 
100 to 37. 

The rest of the crossed and self-fertilised seeds from the two 
parent-])lants (the same as in the last experiment) was sown on 
the 1st of July in four long parallel and separate rows in good soil 
in the open ground ; so that the seedlings were not subjected to 
any mutual competition. The summer was wet and unfavourable 
tor their growth. Whilst the seedlings were very small the two 
crossed rows had a clear advantage Over the two self-fertilised 
rows. When fully grown the twenty tallest crossed plants and 
the twenty tallest sedf-fertilised plants were selected and mea- 
sured on the 11th of November to the extremities of their leaves, 
as shown in the following table (XC.). Of the twenty crossed 
plants, twelve had flowered ; whilst of the twenty self-fertiliijpd 
plants one alone had ilowered. 
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Table XC. 
Niwtiana iahacum. 


riants raised frmn the same seeds as in the last two experiments^ 
but soion separately in the open y rounds so as not to (xmipde 
together. 


Fixmi Tot II., 

Table LXXXVTl. ' 

Frtmi Tot V., Talde LXXXN'Il. 

K<’\v-crossed 

IMaiils of flu* 

Ke\v-cro.sKt‘(l 

riants of the 

rial its. 

Fourth .Si'lf lorti- 

riants. 

Fourth .‘H'll-fi'rti- 

; list'd Cioueratuiii. 

lisfd <fi iK'ratiiiu. 



— 

- 


lllfllfS. ‘ 

liicbcs. 

Jiifhf.s. 

Iiirhf.s. 

. 10-3 

•*.>ii 

•-,4 ■» 




•’ * R 


Mi 

• *" t 

.'*13 


i 

1 34 i 

4:* 

4< ) g 

h'.Vi 

:><• 

4:5 

4X4 

49 ^ 

' 281* 

4:5 

40 

hai 

■ i 

48'^ 

m 

47 4 

i 

. 44 

155 '3 

57^ 

: 

’ 

XXJ 

'M 

22 ;| 

f>*n 

47'* 

48 

28 



478*7.** 

i 286 *80 

496*i;’» 

417*2.5 


The twenty tallest crossed plants hero average 48*74, and the 
twenty tallest scIJ'-fertilised 35*2 inches in heiglit; or as 100 to 
72. These plants after being measured were cut down close to 
the ground, and the twenty crossed plants weighed 195*75 
ounces, and the twenty self-fertilised plants 12X* 25 ounces; or 
as 100 to 63. 

In the three preceding tables, LXXXVIIL, LXXXTX., and 
XC., vre have the measurements of fifty-six plants derived from 
two plants of the third self-fertilised generation crossed with 
pollen from a fresh stock, and of fifty-six plants of the fourth self- 
feftilised generation derived from the same two plants. These 
crossed and self-fertilised plants were treated in three diiBFcrent 
ways, having been put, firstly, into moderately close competition 
with one another in pots ; secondly, having been subjected to 
unfavourable conditions and to very severe competition from 
being greatly crowded in two large pots ; aiid thirdly, having 
being sown se])arately in oi^en and good ground, so as not to 
suffer from any mutual competition. In all these cases the 
crossed plants in each lot were greatly superior to the self- 
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fertilfNed. This was sho^vn in several ways, — by iho earli(3r 
p:enniDattoTi of tlie crossed seeds, by the more rapid gnnvtli of 
the seedlings wliilst quite young, by flie earlier flowering of the 
mature i)]ftnt8, as well as by the greater height which they 
ultimately attained. The superiority of the crossed ])lants was 
shown still more ]flainly when the two lots were weighed ; the 
W(;ight of the crossed plants to that of the self-fcrlilised in the 
two crowded pots being as 100 to 87. Jletter evidcncti could 
hardly lx* tlesired of the immense advantage derived from a 
cross with afresh stock. 

XXVI. PKI]MU1jACE.E. — Cyclamkn PEitsfcuM.*^ 

T(m flowers crossed with pollen from plants known to Ihj 
distinct seedlings, yielded nine capsules, containing on an 
average 81*2 seeds, with a maximum of seventy-seyen in one. 
Tun flowers s(df-fortilised yielded eight capsules, conhiining mi 
an average only 18*1 He(‘ils, with a maximum of t weiity-five in one. 
This gives a ratio of 100 to 88 for the avea’age numbcT of secnls 
)»er cajisnle for the crossed and st'lf-fertilised flowers. The 
flowers hang downwanls, and as tln^ stigmas stand close beneath 
the antlii'i’s, it might have lietni expected that pollen would 
have fallen on them, and that they would have been sjiontaneously 
self*fertilii>(!d ; hut these eovered-ui) i>lants did not jiroduce a 
single ca])sulo. On some other occasions uncovered ]>l<‘iiits "in 
the same greenhouse producixl plenty of capsuhi^, and 1 siqiiiost* 
that th(3 flowers had liecii visited by l^es, which could hardly 
fail to carry ])ollej^ from jflant to iflant. 

The seeds obtained in the maimer just described 'were placed 
on sand, and after germinating were planted in pairs,— three 
crossed and throe self-fertilised ])lants on the opjxisite sides ei* 
four pots. Wlion the leaves wore 2 or 3 inches in length, 
iiududing the foot-stalks, the seedlings on both sides were 
equal. Ill the course of a month or two the crossed plants begau 
to show a slight superiority over the self-fertilised, which 
steadily increased ; and the crossed flowered in all four pots some 
weeks before, and much more profusely than the self-fertilised. 
The two tallest flower-stems on the crossed plants in each pot 
were now measured, and the average height of the eight stems 

Cudamvn rqiandum, nconrd- ]>. 150), is protcrsuidrons, nnd this 
iiigto Lrcoq (‘ Ge'ograpliie Ilotau- I lieluwe to be the case with &, 
iquo do flKumpo,’ toiu. viii. 1858, jiemmm. 
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was 9*49 inches. After a considerable interval of tiirio the 
self-fertilised plants flowered, and several of their flowcr-steras 
(but I forgot to record how many) were roughly measured, and 
their arverage height was a little under 7*5 inches; so that the 
flower-stems on the crossed plants to those on the self-fertilised 
were at least as 100 to 79. The reason why I did not make 
more careful measurements of the self-fertilised plants was, that 
they looked such poor specimens that I determined to have them 
re-potted in larger pots and in the following year to measure 
them carefully ; but we shall sec that this was partly frustrated 
by so few flower-stems being then produccti. 

These jdalits were left uncovered in the greenhouse ; and the 
twelve crossed plants ])r(xluced forty capsules, whilst the 
twelve self-fertilised plants produced only five ; or as 100 to 12. 
But this difference does not givc^ a just idea of the relative 
fertility of the two lots. I counted the seeds in one of the fin(?st 
capsules on the crossed plants, and it contained seventy-three ; 
whilst the finest of the five capsules produced by the self- 
fertilised plants contained only thirty-five good seeds. In the 
other four cai)sules most of the seeds were barely half as largo 
as those in the crossed cai)sulos. 

’ Table XCI. 

Cyclamen persicum : 0 Implm that no flower-stevi was profJuced, 


No. of Pot. 

Cnissed I*Iarits. 

Sclf-fortllisrd Plants. 


inches. 

inches. 

I. 

JO 

\ 0 


9? 

9 


lOH 

9 

11. 

9i 

0 


10 

0 


10 J 

0 

III. 

9J 

8 





9i 

68 

IV. 

in 

0 


m 

7J 


log 

0 

Total in inches. 

119-88 

29-50 





Chap. VI. 


ANAGALLIS COLLINA. 


217 


In* the following year the crossed plants again bore many 
flowers TK'forc the seU-fcrtilised bore a single one. The three 
tallest flower-stems on the crossed plants in each of the pots 
were measured, as shown in Table XCI. In Pots I. and II. the 
self-fertilised ])]aiits did not produce a single flower-stem; in 
Pot IV. only on{^ ; and in Pot III. six, of which the three tallest 
were measured. 

The average) lieight of the twelve flower-stems on the crossed 
plants is 9*91), and that of the four flower-stems on the self- 
fertilised ])lauts 7*37 inches ; or as 100 to 74. The self-fertilised 
plants wTre miserable specimens, whilst the crossed ones looked 
very vigorous. 


Anagallis. 

Anagallis colliua, rar, grawii flora (pale red and blue-flowered, 
mb- varieties). 

Firstly, twenty-five flowers on some plants of the red variety 
were crossed with pollen from a distinct plant of the same 
variety, and produced ten capsules; thirty-one flowers were 
fertilised with their own pollen, and produced eighteen capsules. 
These plants, which were grown in pots^n the greenhouse, were 
evidently in a very sterile condition, and the seeds in both 
sets of capsules, especially in the self-fertilised, although 
numerous, were of so poor a quality that it wjis very difficult 
to determine \s9iich were good and which bad. But as far as I 
could judge, the crossed capsules contained on an average 6 ’3 
good seeds, will f a maximum in one of thirteen ; whilst the 
self- fertilised contained tr05 such seeds, with a maximum in 
one of fourteen. 

Secondly, eleven flowers on the rod variety were castrated 
whilst young and fertilised with pollen from the blue variety, 
and this cross evidently much increased their fertility ; for the 
eleven flowers yielded seven capsules, which contained on dh 
average twice as many good seeds as before, viz., 12*7 ; with a 
maximum in two of the capsules of seventeen seeds. Therefore 
these crossed capsules yielded seeds compared with those in the 
foregoing self-ftn’tilisod capsules, as 100 to 48, These seeds were 
also conspicuously larger than those from the cross between*two 
individuals of the same red variety, and germinated much more 
freely. The flowers on most of the plants produced by the cross 
between the two-coloured varieties (of which several were raised), 
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took after their mother, and were red-colonrod. But on t\^o of 
the i)lants tlie flowers were plainly stained with hlne-; and to 
siieh a degree in one case as to Ih 3 almost intermediate in tint. 

The t^rossed seeds of the two foregoing kinds and the self- 
fertilised were sown on the opposite sides of two largo pots, and 
the seedlings were measured when fully grown, as shown in the 
two follow’ing tables ; — 


Tablk XOII. 

Aiutgallia collina, 

n<*d‘ \'ariity by a diaiinct Pbint of t))f* Ib'd Variety, 

and Hed Vari< t.v St-lf-lbrllliaetl. 

No, of Tilt, CrosHi'd Plants. Splf-fiTtili.Mf'd IMant^. 



Inohi'M. ' 

IihIh'i. 

I. 

! ! 

1 .) ^ 


L>1 ! 



173 i 

1 + 

Total in inohi's. 

(it -75 

4r>*oo 


Ilf*d Vari< ty cro‘«f*' d l)y Blin* V'nru'ty, and lb*«l \’ari» ty 
^ S«df-teniliK«d. 


No. of Pol. (.’n>HH«*d Planta. S(lf-fi*rtJli«i*d Plantn. 


II.’ 


in inches. 


Total of both lots. 1 


JUrbcH. 

J nchcH. 

: 

2’M 

27? 



11'^: 

\ _ 

82*88 i 

r4-7r) 

144-G3 

Pfpiri 


•As the plants of the two lots are few in nnml>er, they may be 
run together for the general average ; hut I may first state that 
the height of the seedlings from the cross botwemi two individuals 
of the red variety is to that of the self-fertilised plants of the red 
variety as 1(X) to 73 ; whereas the height of the crossed offspring 
from the two varieties to tho self-fertilised plants of the rod 
variety is as 100 to 66. So that tho cross iKJtwcen the two 
varieties is here seen to Ixj the most advantageous. The average 
height of all six crossed plants in tho two lots taken together is 
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48 ’20, •and that of the six self-fertilised plants 33*25 ; or as 100 
to 60. 

These six crossed plants produced spontaneously twenty-six 
capsules, whilst the six self-fertilised plants produced only two, 
or as 100 to 8. There is therefore the same extrat*rdinary 
difToronco in fertility between the crossed and self-fertilised 
plants as in the last pjenus. Cyclamen, which belongs to the same 
family of the Mmulacefo. 


PuiMULA VERIS. Brit. Flora. | 

(la?’. officinaUs, Linn.). The. Co tr slip. • 

^lost of the sj)ecies in this genus are hetcrostylod or 
dimorphic ; that is, they present two forms,— one long-styled with 
short stamens, and the other short-styled with long stamens.* 
For comjileto ferti-lisatiou it is necessary that ]x>llen from the one 
form should be applied to the stigma of the other form ; and this 
is effectcHl under nature by insects. Such \mions, and the seed- 
lings raised from them, I liave called legitimate. If one form is 
fertilised with ))ollen from the same form, the full complement 
of seed is not prtHluccd ; and in the case oi‘ some heterostylcd 
genera no seed at all is ])roduced. Sucl^ unions, and the seed- 
lings raised from them, I liave called illegitimate. These seed- 
lings are often dwarfed and more or less sterile, like hybrids. 

I possessed some long-styled plants of P. veris, which during four 
successive generations had been produced from illegitimate 
unions between long-styled plants; they were, moreover, in somo 
degree int(3r-relate(?,and had ten subjected all the time to similar 
conditions in i)ot.s in the greenhouse. As long as they were 
cultivated in this manner, they grew well and were healthy and 
fertile. Their fertility even increased in the later generations, 
as if they were Injcouiiug habituated to illegitimate fertilisation. 
Plants of the first illegitimate generation when taken from the 
greenhouse and planted in nuKlerately good soil out of doorsf 
grew well and were licaltliy ; but wlien those of the two last 
illegitimate generations wore thus treated they became excos- 

* Sco my pajicr * On the Two liko Nature of the Offspring fi^m 
Forms or Dimorphic Condition in the Illegitimate Unions of Dimor- 
Species of Primula,’ in ‘ Jour- phic ami Trimorphic I’laiits,’ was 
nal of Pioc. Linn. Soc.’vol.vi. 1802, published in vol. x. 1807, p. 893, 
p. 77. A sficoml pafuT, to which of the same journal. 

I prosontly refer, ‘ On the Hybrid- 
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sively sterile and dwarfed, and remained so during the following 
year, by wliicli time they ought to have become accustomed to 
growing out of doors, so that they must have possessed a weak 
constitution. 

Under these circumstances, it seemed advisable to ascertain 
what would be tlie etfect of legitiinatoly crossing long-styled 
plants of tlio fourth illegitimate generation with pollen taken from 
non-related short-styled i)lants, growing under difftn'cnt con- 
ditions. Accordingly several flowers on i)lants of the fourth 
illegitimate generation (i.e., great-great-grandchildren of plants 
which had been legitiinatoly fertilised), growing vigorously in pots 
in the greenhouse, were legitimately fertilised with pollen from 
an almost wild short-styled cowslip, and these flowers yielded 
some fine capsules. Thirty other flowers on the same illegi- 
timate plants were fertilised with their own pollen, and these 
yielded seventeen ca]isulcs, containing on an average thirty-two 
seeds. This is a high degree of fertility; higher, I believe, than 
that which generally obtains with illegitimately fertilised long- 
styled ])lants growing out of doors, and higher than that of the 
previous illegitimate generations, although their flowers were 
fertilised with pollen taken from a distinct plant of the same 
form. 

These two lots of seeds were sown (for they will not germinate 
veil when placed on bare sjind) on the opposite sid(!S of four 
pots, and the seedlings were thinned, so that an equal numl)er 
were left on the two sides. For some time there w^as no marked 
difference in height liotwccn the two lots ; and in Pot III., Table 
XCIII., the self-fertilised plants were rather t\io tallest. Hut by 
the time that they had thrown up young flower-stems, the 
legitimately crossed iilaiits appeared much the finest, and had 
greener and larger leaves. Tlie breadth of the largest leaf on 
each plant was measured, and those on the crossed plants were 
on an average a quarter of an inch (exactly *28 of an inch) 
‘broader than those on the self-fertilised plants. The plants, from 
being too much crowded, produced jxior and short flower-stems. 
The two finest on each side were measured ; the eight on the 
legitimately crossed plants averaged 4*08, and the eight on the 
illfgilimalely self-fertilised plants averaged 2*93 inches in 
height; or as 100 to 72. 

These plants after they had flowered were turned out of their 
pots, and planted in fairly good soil in the open ground. In 
the following year (1870), when in full flower, the two tallest 
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flower^tems on each side were again measured, as shown in the 
following •table, which likewise gives the number of flower-stems 
produced on both sides of all the pots. 


Table XCIII. 
Primula veris. 


No. of I'ot. 

I 

liCgitimately crossed Plants. 

i 

11 legitilimt' ly sel f-fertilised 
Plants. 

lff‘ight ill 
iiielics. 

No. of Flower- 
st(‘nis i>ro- ' 
duced. 

Height ill 
inches. 

No. of Flowor- 
st' ins pro- 
dueed. 

1. 

0 

8 

10 

n 

;;4 

8 

3 

11. 

7 

16 

G 





"'S 


111. 

0 

16 

;! 

4 




i OS 

1 



i 


1 ^ 

IV. 1 



») 1 

1 

Total. 

00*20 ; 

; u:- . 

2i) ‘7o 

i 

1 


The average height of the eight lallcst flower-sttms on tfie 
crossed plants is here 7*03 inches, and that of tlie eight tallest 
flower-stems on the self-fertilised ])lants 3*21 inches; or as 100 
to 40. 'VVe see, alSo, that the crossed plants l>ore sixty-two flower- 
stems; that is, above four times as many as those (viz., fifteen) 
borne by the self-fertilised plants. The flowers were left ex- 
posed to the visits of insects, and as many plants of both forms 
grow close by, they must have been legitimately and naturally fer- 
tilised. Under these circumstances the crossed jilants produced 
324 capsules, whilst the self-fertilised iiroduced only 16; and 
these were all produced by a single plant in Pot II., which was 
much finer than any other self-fertilised plant. Judging by the 
number of capsules produced, the fertility of an equal number 
of crossed and self-fertilised plants was as 100 to 5. 

In the succeeding year (1871) I did not count all the flo^’cr- 
stems on these plants, but only those which produced- cap- 
sules containing good seeds. The season was unfavourable, and 
the crossed plants produced only forty such flower-stems, bearing 
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1G8 good capsules, wliilst the self-fertilised plants produced 
only two such flowor-stems, bearing only G CfipsulGs, half of 
which were very poor ones. So that the fertility of the two lots, 
judging by the number of capsules, was as 100 to 3 ’5. 

Ill considering the groat difference in height and the wonderful 
difference in fertility between tlie two sets of plants, we should 
lH 3 ar in mind that this is the result of two distinct agencies. 
The self-fertilised plants were the ])roduct of illegitiniato fertili- 
sation during live successive geuorations, in all of which, cx- 
cejjting the last, the jilants had l»cen fertilised with ])olI( n taken 
from a distinct individual l)elonging to the same form, but wbicb 
was more hr less closely related. I'be idaiits bad also been 
subjectwl in each generation to closely similar conditions. Tin's 
treatment alone, as 1 know from other observatiems, would have 
greatly reduced the size and fertility of the offsj)ring. On the 
other hand, the crossed plants were the otTs)>ring of long-styled 
plants of the fourtli illegitimate generation U'gitiinately crossed 
with ))olleu from a sliort-stylcd jilant, wliich, as well as its ])ro- 
genilors, had been exjiosid to V(a*y diffenmt conditions; an<] this 
hitter (urcumstance alone would have given great vigour to thi^ 
offspring, as we may iiiftT from the several analogous cases 
already given. How much projiortional weight ought to bo at- 
tributed to these two agencies, — the one tending to injure the 
self-fertilised offsj^ring, and tlie oilier to benefit the crossed 
uffs] iriiigj—^canpoi Ixi determined. Hut wo shall immediately 
siio that the greater jiart of the Uaiefit, as far as increased 
fertility is concerned, must be attributed to the cross having 
been made with a fresh stock. 

Primula vehis. 

Eqtml-eiyled and red-Jtowcrvd rar. 

I have dcscrilxid in my paper "On the lll(?gitiinato Unions of 
Pim()r])hic and Triinorjihic Plants’ this remarkable variety, which 
was sent to me from Edinburgli by Mr. J. Scott, It possessed a 
pistil pro])cr to the long-styled form, and stamens pi*oper to tho 
short-styled form ; so that it had lost the lieterostyled or dimor- 
phic character common to most of the speclbs of tho genus, 
and^may be compared with an hermaphrodite form of a bi- 
sexual animal. Consequently tho pollen and stigma of the 
same flower are adajitcd for complete mutual fei-tilisation, instead 
of its being necessary that pollen should be brought from one 
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form* to another, as in tlie common cowslip. From the stigma 
anti anthtjrs standing nearly on the same level, the flowers are 
perfectly sell-fertile when insects are excluded. Owing to the 
fortunate existence of this variety, it is jjossible to fertilise its 
flowers in a legitimate manner with their own pollen, and to 
cross other flowers in a legitimate manner with pollen from 
another variety or fresh stock. Thus the offspring from both 
unions can ])e compared (piite fairly, free from any doubt from 
the injurious effects of an illegitimate union. 

The plants on which 1 experimented had Ih‘cu raised during 
two succt‘ssive generations from spontaneously self-fertilised 
seeds ])rodnc(‘.d by plants under a net; and us tlic variety is 
highly self- fertile, its progenitors in Edinburgh may have been 
self-fertilised during some ijrevious geuen^ations. Several flowers 
on two of my ])laiits were legitimately crossed with i)olien from 
a shoj‘t-style<l common cowslip growing almost wild in my 
orchard; so that the cross was between plants which had been 
subjected to considerably different c.oiiditions. Several other 
flowers (Ml tlie same two plants wore allowed to fc^rtilise them- 
selves uiivler a net ; and this iiuion, as already explained, is a 
legitimate one. 

The crossed and self- fertilised seeds thus obtained were sown 
thickly on the oi)posilo sides ofllu'ee ptfls, and the seedlings 
thinned, so that an equal number wore left on the two sides. 
The seedlings during the first year were ymrly equal in 
height, excepting in Tot 111., Table XCiV., fn which the self- 
fertilised plants liad a decided advantage. In the autumn the 
])lauls were bedAed out, in their i)ots; owing to this circum- 
stance, and to many plants growing in each pot, they did not 
flourish, and none were very jiroductive in seeds. But the 
conditions were perfectly e(|ual and fair for both sides. In the 
following spring 1 record in my notes that in two of the pots 
the crossed jilaiits are “ineom|wably the finest in general 
appearance,” and in all tlm*t} i)ots they flowered before the seft- 
fertilised. AY hen in full flower the tallest flower-stem on each 
side of each pot was measured, and the number of the flower- 
stems oil both sides counted, as shown in the following table. 
The plants wertj left uncovered, and as other plants were groykig 
close by, tlie flowers no doubt were crossed by insects. When 
the capsules were ripe they were gathered and counted, -and 
the result is likewise shown in the following table 
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Table XCIV. 

Primula veris (equ^l-atyhd, red-flowered vnrivh/). 


• 

Crossed Plants 


Self-fertilised Plants. 

No. of Pot. 

Huightof j 
tallest 1 
Flower-stem j 
ill inches. | 

No. of 
Flower- 
stems. 

No. of piicsl 
Capsules. 

i Ilei^lit of 
i tjill-sl 
‘ Flower-stem 
in inches. 

No. of 
Kldwer- 
stems. 

|no. of K<«'d 
i (.'apsules. 

j 

I- 

10 : 

14 

103 

i 01' 

«• 

0 

0 

11. 

1 

..n i 

12 

Several, , 
not 

couiitetl. 

^ ! 

o 

'■ 

III. 

7i 

7 

4.1 


r> 

20 

Totals. 

‘Jd*0 


200 


13 

32 


The average height of the three tallest flower-stoniR on the 
crossed plants is 8* GO inches, and that of the thrct* on the 
self-fertilised ])lant8 7*33 inches; or as 100 to 8.“). 

All the crossed plants together ])rodiice»l tliirty-thrije flower- 
stems, whilst the self-fertilised Lore only tliirteon. Tlie nninl)er 
of the capsules were coiiuted only on the plants in Pots ]. and III., 
for the self-fertilised plants in Pot 11. prmlnc(‘d norus; therefore 
tliose on the » 9 rossed jdants on the opjiosito side were not 
counted. Capsules not containing any good sec^ds were rejected. 
The crossed plants in the al)ove two ]K>ts ]>rodueetl ‘JOG, and the 
self-fertilised in the same pids only 3J caiUuk‘s; or as 100 
to 15. Judging from the i)revious g(,*nerations, the extreme 
unproductiveness of the self-fertilised plants in this experiment 
was wholly due to their having been subjected to unfavourable 
conditions, and to severe C(mii)etition with the crossed plants; 
for had they grown separately in good soil, it is almost (jf^rtain 
that they would liave ])roduccd a larg<} iiumlKU* of capsules. 
The seeds were counted in twenty capsules from the crossed 
plants, and they averaged 24*75; whilst in twenty capsules 
from the self-fertilised plants the average was 17*G5; or as 
100^ to 71. Moreover, the seeds from the self-fertilised plants 
were not nearly so fine as tho.se from the crossed plants. If 
we consider together the number of cai)snles produced and 
the average number of contained seeds, the fertility of tlie 
crossed plants to the self-fertilised plants was as 100 to 11. 
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We tkuB see what a great effect, as far as fertility is concerned, 
was produced by a cross between the two varieties, which had 
been long exposed to different conditions, in comparison with 
self-fertilisation; the fertilisation having been in both cases of 
the legitimate order. 


Primula sinknsis. 

As the Chinese i)rimrose is a heterostyled or dimorphic plant, 
like the common* cowslip, it might have been expected that the 
flowers of lK)th forms when illegitimately fertilised with their 
ow’ii pollen or iiith that from flowers on another plant of the 
same form, 'svould have yielded less seed than the legitimately 
crossed flowers; and, that the seedlings raised from illegiti- 
mately self-fertilised seeds would liavo Ixjen somewhat dwarfed 
and less fertile, in comparison with the seedlings from legiti- 
mately crossed so(?ds. This holds good in relation to the fer- 
tility of the flowers; but to my sur]>rise there was no difference 
in growtli between the offspring from a legitimate union l)et ween 
two distinct plants, and from an illegitimate union whether 
between the flowers ontlie same plant, or between distinct plants 
of the siuiic form. But I have shown, in the i)aper Ixsfore referred 
to, that in England this plant is in on abnormal condition, 
such as, judging from analogous cases, would tend to render a 
cross lietweeu two individuals of no l)eiiufit to the offspring. 
Our plants have been commonly raised fronf selt-fertilised 
seeds ; and the seedlings have generally Ixien subjected to nearly 
uniform coiiditionl in pots in greenhouses. Moreover, many of 
the plants are iiow^varying and changing their character, so as 
to become in a greater or less degree eqiuil-styled, and in con- 
sequence highly self-fertile. From the analogy of P. veris there 
can hardly be a doubt that if a plant of sinensis could have 
iHion procured direct from China, and if it had been crossed 
with one of our English varieties, the offspring would have^ 
shown wouderful superiority iu height and fertility (though 
probably not in the beauty of their flowers) over our ordinary 
plants. 

My flrst experiment consisted in fertihsing many flowers on 
long-styled and short-styled plants with their own pollen, dhd 
other flowers on the same plants with pollen taken fi*om distinct 
plants belonging to the same form; so that all the luaions were 
illegitimate. Th^e was no uniform and marked dift'ereuce in 

Q 
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the number of seeds obtained from these two modes of self-fer- 
tilisation, lx)th of which were illegitimate. The two lots of seeds 
from both forms were sown thickly on opposite sides of four jwts, 
and numerous plants thus raised. But there w'as no difference 
in their growth, excepting in one pot, in which the offspring 
from the illegitimate union of two long-styled ]>lnnts exceeded 
in a decided inainier in height the offspring of tlowcrs on the 
same plants fertilised with their own juilK'n. But in all four 
pots the ])lants raist-d from the union of distinct plants belonging 
to the same form, flowered l>efore the otfsj)ring from the self- 
fertilised flowers. 

Some long-styled and short-styled ])lants were now numl from 
purchased seeds, anil flowers on both fn'ins w'ore logitinia.t(‘ly 
crossed with pollen from a distinct ]>l:int; and idlier flowers on 
lx)th forms were illegitimately fertilised with [>ollen fn)n'i the 
flowers on the same plant. The seeds were sown on o]>]M)site sides 
of Pots I. to IV. in the following tabic (XCV.); a single ]dant 
being left on each side. {Several flowers on tin* illi‘gi1iinate long- 
styled and short-styled plants descril^id in the last paragraph, 
were also legitimately and illegitimately fi?rtilised in the manni'r 
just dcscril>ed, aud their sei?ds were s(»wn in Pots V. to VIIT. in 
the same table. As the two si*ts of seedlings did n(d differ in 
jiny essential manner, their measun^inonts are given in a single 
table. 1 should add that the legitimate* unions in Inith ease.s 
yielded, as might have bi^en exix*cted, many more si'eds than the 
illegitimate un1on.s. The seedlings whilst half-grown presented 
no difleronce in height on the two sides of the sevt^ral ]x>ts. 
‘Wlion fully grown they were mt^a.snred toUlie tips of tlieir 
longest leaves, and the result is given in Talje X(’V. 

In six out of the eight jiot.s the hjgitiniately en^sed plants 
exceeded in height by a trifle the illegitimately self- fertilised 
plants; but the latter exc«‘eded the former in two of the. pots in a 
• more strongly mark«,‘fi manner. The average height of the eight 
legitimately crossed plants is II *01, and that of the eight illegi- 
timately self-fcrtiliwKl II *03 inches; or ns 100 to 100*2. The 
plants on the op)K)site sidt’S produced, as far as could lx* judged 
by the eye, an cfpial immlKjr of flowers. I did not count tlie cap- 
sules or the seeds produced by them; but undoubtedly, judging 
^frotn many previous observations, the plants derived from the 
legitimately crossed seeds would have Ixsen considerably more 
fertile than those from the illegitimately self-fertilised Boeds. 
The crossed plants, as in the previous case, flijwered before tlie 
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Table XCV. 
Primula sinensis. 


No. of Pot. 

! Plants from Ulegiti- 

I. 

From short-styled 
mother. 

Inches. 

n 

Inches. 

8 

11. ; 
From short-styled ■ 
iimther. 

n 1 

00 

III. 

From loug-styled 
mother. 

91 1 

n 

IV. i 

From loujcc-styled ! 
mother. 

81 

81 

V. 

From illei^itim.'ite 
short-styled j 

mother. ! 

n 

0 • 

VI. 

From illci;itini;ito 
sliurt-stj||ed 
mother. 

n 

*91 

VII. 

From illeijitimato 
Jong-styled mother. 


0 4 

i 

vm. ^ 

From illegitimate 
long-sty leil mother. 

i 10 J 

i 10 

1 

! 

Total ill inches. 

72-13 

1 72-25 


self-fortilised plants in all the jwis except in Pot II., in which, the 
two sides flowered Rimultaneously ; and this ^arly flowering 
may, perhaps, be considered as an advantage. 

Q 2 
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XXVII. POLYGONEiE.— Fagopybum esculentum." 

This plant was discoYered by Hildebrand to l>e hetcrostyled, 
that is, to present, like the siKJcies of Primula, a long-styled and a 
short-styled form, which are adapted for reciprocal fertilisiition. 
Therefore tlie following comparison of the growth of the crossed 
and self-fertilised seedlings is not fair, for we do not know 
whether the difierence in their heights may not be wholly due to 
the illegitimate fertilisation of the self-fertilised flowers. 

I obtained seeds by legitimately crossing flowers on long-styled 
and short-styled plants, and by fertilising other flowers on both 
forms with pollen from the same plant. Rather more seeds w’ere 
obtained by the former than by the latter process ; and the 
legitimately crossed seeds were lieavier than an equal number 
of the illegitimately self-fertilised seeds, in the ratio of 1(X) to 82. 
Crossed and self-fertilised seeds from the short-styled parents, 
after germinating on sand, were planted in pairs on the opj>osite 
sides of a large i)ot ; and two similar lots of seeds from long- 
styled parents were i)lanted in a like manner on the opposite; 
sides of two other pots. In all three pots the legitimattily crossed 
seedlings, when a few inches in heiglit, were taller than the self- 
fertilised; and in all three ix)ts they flowered kdore them by one 
or two days. ^Vhen fully grown they wen* all cut down close 
to the ground, and a.s I was pressed for time, they were placed 
in a long row, the cut cn<l of one plant touching the tip of 
another, an<l Uie total length of the legitimately ero.ssed idaiits 
was 47 ft. 7 in., and of tlie illegitimately si*] f- fertilised jdants 
82 ft. 8 in. Therefore the averap* lieiglit of ^tlie fi ft ecJi crossed 
l)lants in all tliree jxjts was 88*00 inclies, and tliat of th(‘ fifteen 
self-fertilised plants 20*18 inches; or as 100 to 00. 

XXVIII. CHEXOPODIACE^E.-Heta vrLOARis. 

A single plant, no others growing in .the same garden, was 
left to fertilise itself, and the self-fertilised seeds were collected. 
Seeds were also collected from a plant growing in the midst of a 
large bed in another garden ; and a.s the incoherent iKjlJeii is 
abundant, the secjds of this plant will almost certainly have hooii 
the product of a cross kitween distinct plants hy means of the 
wind. Some of the two lots of seeds were sown on the o]i|K)site 
Bides of two very large pots; and the young seedlings were 
thinned, so that an equal but considerable number was left on 
the two sides. These plants were thus subjected to very severe 
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^mpetition, as well as to poor conditions. The remaining seeds 
were sown out of doors in good soil in two long and not closely 
adjoining rows, so that tliese seedlings were placed under favour- 
able conditions, and were not subjected to any mutual com- 
petition. The sclf-f(jrtiliscd seeds in the open ground came up 
very Imdly ; and on removing the soil in two or three places, it 
was found that many had sprouted under ground and had 
then died. No such case had Ixjen observed before. Owing to 
the large number of seedlings which thus perished, the sur- 
viving self-fertilised plants grow thinly in the row, and thus had 
an advantage over the crossed plants, which grev^ very thickly 
in the other row. The young plants in the two rows were pro- 
tected by a little straw during the winter, and those in the two 
large pots w'<3ro ]jlaced in the greenhouse. 

There was no difference lietween the two lots in the pots until 
the ensuing spring, when they had grown a little, and then some 
of the crosstxl plants were finer and taller than any of the self- 
fertilised. When in full flower their stems were measured, and 
the iijoasuremcnts are givtai in the following table : — 


Table XCVL 
Jicta vvJgaris, 


Xo. of Put 

Crossed Plauts. 

Self-fertilised Plants. 


luchos. 

IVCllOB. 

I. 


30 


:jo 

20 J 
‘i 


34| 1 

32 

11. 1 

42 J 

42J 



26 J 


31; 



1 33 

20 1 

Total in inches. 

1 272-75 

238*50 


The average height of the eight crossed plants is here 
514 -09, and that of the eight self-fertilised plants 29*81 ; or as 
100 to 87. 

With respect to the plants in the open ground, each long row 
was divided into half, so as to diminish the chance of any 
accidental advantage in one part of either row; and the four 
tallest plants in the two halves of the two rows wore carefully 
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selected and measured. The eiplit tallest crossed plants leveraged 
30 *92, and the eight tallest self-fertilised 30*7 inches in height, 
or as 100 to 99 ; so that they were practically equal. But wo 
should bear in mind that the trial was not quite fair, as the 
self-fertilised plants had a great advantage over the crossed 
in being much less crowded in their own row% owing to the 
large number of seeds which had perished under ground after 
sprouting. Nor were the lots in the two rows subjected to any 
mutual competition. 

XXJX. CANNA OE.E. — Canna warscewiczi. 

In most or all the species belonging to this genus, the pollen 
is shed before the flower expands, and adheres in a irlass to the 
foliaceous pistil close l)eneath the stiginatic surface. As the 
edge of this mass generally touches the edge of the stigma, and 
as it was ascertained by trials purposely made that a very few 
X)ollen-grains suffice for fertilisation, the i)rescnt species and 
probiibly all the others of the genus are higtily self-fertile. 
Exceptions occasionally occur in which, from the stamen l)eing 
slightly shorter tljan usual, the jK>llcn is doiK)sitcd a little l)eneath 
the stigmatic surface, and such flowers drop off unimprog- 
iiatcd unless they are artificially fertilised. Sometimes, though 
rarely, the stamen is a little longer than usual, and then the 
wliole stigmatic surface gets thickly covered with iK>llon. As 
some pollen is generally deixwsited in contact w’ith the edge of 
the stigma, cei’tain authors have concluded that the flowers are 
invariably self-fertilised. This is an extraordinary conclusion, 
for it implies that a great amount of pollen is produced for no 
puryiose. On this view, also, the large size of the stigmatic 
surface is an unintelligible feature in the structure of the flower, 
as well as the relative pcjsition of all the parts, which is such 
that when insects visit the flowers to suck the copious nectar, 
tlroy cannot fail to carry pollen from one flower to another, * 

* Delpino baa cicacribed (‘ lk)t. are fertiliaed in the bnd, and tliat 
Zeitungj 1867, p. 277, and* Hoien- nelf-fertiliHution is inevitable. I 
tific Opinion,* 1870, p. 13.“») the presume that they were niialed by 
structure of the flowers in this the pollen b<*ing deposited at a 
genus, but ho waa mistaken in very early ]>eriod on the pistil : see 
thinking that self-fertiliaation is ‘Journal of Linn. Soo. Bot.* vol. 
impossilde, at least in the case of x. p. 65, and ‘Yariabilite des 
the present species. Dr. Dickie and Esiicoes,* 1868, p. 158. 

Prof. Faivre state that the flowers 
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’ AcSordinji: to Delpino, bees eagerly visit the flowers in North 
Italy, hul 1 have never seen any insect visiting the flowers of the 
present species in niy hothouse, although many plants grew 
there during several years. Nevertheless these plants produced 
plenty of seed, as they likewise did when covered by a net; they 
are therefore fully capable of self-fertilisation, and have probably 
1)0011 solf-fortilisetl in this country for many generations. ‘ As 
they are cultivated in i)ots, and are not exposed to competition 
with surrounding plants, they have also l)ecn subjected for a 
considerable time to somewhat uniform conditions. This, there- 
fore, is a case exactly parallel with that of the common pea, in 
which we have no right to expect much or any good from 
intercrossing iihuits thus descended and thus treated; and 
no good did follow, excepting that the cross-fertilised flowers 
yielded rather more seeds than the self-fertilised. This species 
was one of the earlier one.s on which 1 experimented, and as I 
ha<l not then raiscid any self-fertilised plants for several successive 
generations under uniform conditions, I did not know or even 
sus]»ect that such treatment would interfere with the advantages 
to be gained from a m’oss. I was therefore much surprised at 
the crossed plants not growing more vigorously than the self- 
fertilised, and a large number of plants were raised, notwith- 
standing that the ])rcs(jnt species is an extremely troublesome 
one to experiment on. The seeds, even those wdiich have be^n 
long soaked in water, will not germinate well on Jlmre Siind ; and 
those that were sown in ])ots (wdiich plan I was forced to follow) 
germinaTcd at wfy unequal intervals of time; so that it was 
difficult to got ])airs of the same exact age, and many seedlings 
had to be pulled uj) au<.f thrown aw'ay. My experiments were 
continued during three successive generations; and in each 
generation the self-fertilised jdaiits were again self-fertilised, 
their early progenitors in this country having probably been self- 
fertilised for many previous generations. In each generation, 
also, the crossed plants \vcro fertilised with pollen from another 
crossed )>lant. 

Of the llow’ers which were crossed in the three generations, 
taken togetlier, a rather larger prox)ortion yielded capsules than 
did those wiiich were self-fertilised. The seeds were counted in 
forty-seven capsules from the crossed flowers, and they con- 
tained on an average 9*95 seeds; whereas forty-eight capsules 
from the self-fertilised flowers contained on an average 8*46 
seeds ; or os 100 to 85. The seeds from the crossed flowers were 
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not heavier, on the contrary a little lighter, than those freim the 
self-fertilised flowers, as was thrice ascertained. On one occasion 
I weighed 200 of the crossed and 106 of the self-fertilised seeds, 
and the relative weight of an equal numlx^r was »is 100 for the 
crossed to 101*5 for the self-fertilised. With other plants, when 
the seeds from the self-fertilis<»d flowers were heavier than those 
from the crossed flowers, tliis appeai*ed to 1x3 due generally 
to fewer having been pnxluccfl by the self-fertilised flowci-s, and 
to their having been in consecpionce Ixitter nourished. But in 
the present instance the seeds from the crossed capsules were 
separated into two lots, — namely, those from the capsules con- 
taining over fourteen seeds, and those from capsiiles containing 
under fourteen seeds, and the seeds from the more prcxluctive 
capsules were the heavier of the two; so that the alcove explana- 
tion here fails. 

As pollen is deposited at a very early ago on the pistil, gene- 
rally in contact with the stigma, some flowers w hilst still in 
bud were castrated for my first exi>eriment, and w^er(^ afterw'ards 
fertilised with jjollcn from a distinct plant. Other flow*(U*8 ^vero 
fertilised with their own pollen. From the secjds thus ob- 
tained, I succeeded in I'earing only throe pairs of plants of equal 
age. The three crossed plants averaged 82*79 inches, and 
the three self-fertilised 32*08 inches in height; so that they 
were nearly equal, the crossed having a slight advantage. As 
the same result followed in all three generations, it would be 
superfluous to give the heights of all the plants, and 1 will give 
only the averages. . 

In order to raise crossed andself-fertiliwd plants of the second 
generation, some flowers on the alove cro.ssed plants w ere crossed 
within twenty-four hours after they had ex]»anded witli }K)lleu 
from a distinct plant ; and this interval would j>robably not he too 
great to allow of cross-fertilisation being eftectual. Some flowers 
on the self-fertilised plants of the last generation wore also self- 
fertilised. From these tw*o lots of seeds, ten crossed and tw’clve 
self-fertilised plants of equal ages were raised ; and these wore 
measured when fully grown. The crossed averaged 36 * 98, and 
the self-fertilised averaged 37*42 inches in height; so that hero 
agfin the two lots were nearly equal ; but the self-fertilised had 
a slight advantage. 

In order to raise plants of the third generation, a bettor plan 
was followed, and flowers on the croscied plants of the second 
generation were selected in which the stamens were too short to 
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reach* the stigmas, so that they could not possibly have been 
wdf-fertih'sed. These flowers were crossed with jwllen from a 
distinct j3lant. FIowcii's on tlie self-fertilised plants of the second 
generation were again self-fertilised. From the two lots of seeds 
thus obtained, twenty-one crossed and nineteen self-fertilised 
plants of equal age, and foriningthe third generation, were raised 
in fourteen large pots. They were measured when fully grown, 
and by an odd chance the average height of the two lots was 
exactly the same, namely, 35*9G inches; so that neither side had 
the least advantage over the other. To test this result, all the 
j)lan<s on l)oth sides in ten out of the above fourteen pots were 
cut down after they had flowered, and in the ensiling year the 
stems were again measured; and now the crossed plants ex- 
ceede<l by a little (viz., 1*7 inches) the self-fertilised. They were 
again cut down, and on their flowering for the third time, the 
self-fertilistid ])lants ha<l a slight advantage (viz., 1*54: inches) 
over the crossi^d. Hence the result arrived at with these plants 
during the previous trials was confirmed, namely, that neither 
lot had any decided advantage over the other. It may, however, 
be worth mentioning that the self-fertilised plants showed some 
tendtUK'y to flowca* before the crossed plants : this occurred with 
all three pairs of the lirst generation; and with the cut down 
plants of the third generation, a self-fertilised plant flowered 
first in nine out of the twelve pots, whilst in the remaining three 
lK)ts a crossed i)lant flowered first. 

If we consider all the plants of the three generations taken 
together, the thijty-four crossed plants average 35*98, and the 
thirty-four sell-tertilised ])lants 36*39 inches in height: or as 
100 to 101. AVe may •therefore conclude that the two lots 
possessed etjual powers of growth ; and this I believe to bo the 
result of loug-coutinued self-fertilisation, together with exposure 
to similar (*onditioiis in each generation, so that all the indivi- 
duals had acquired a closely similar constitution. 

XXX. GRAMINACEiE.-~ZEA mays. 

This plant is monopcious, and was selected for trial on this ac- 
count, no other such plant having been experimented on.* It is 

* Hildobraml ronwrks that male flowers standing al)ovo the 

this species seems at first sight female flowers ; but practically it 

adapted to be fertilised by pollen must generally be fertilised by 

from the same plant, owing to the pollen from another plant, as the 
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also anemopliilons, or is fertilised by the wind ; and of such j)lants 
only the common boot had l>ecn tried. Some ]>lant« weVe raised 
in the greenhouse, and were crossed with pollen taken from a 
distinct plant ; and a single ])lant, growing quite separately in a 
different part of tlie house, was allowed to fertilise itself sjxm- 
taneously. The seeds tluis obtained were placet! on damp sand, 
and as they germinated in pairs of etpial age were ])lanted on 
the op])osite sides of four very large |H)ts; nevertheless they 
were considerably crowd(‘d. The jjots were kept in th(i hothouse. 
The X)lauts were first measured to the tips of their leaves when 
only betw(H3n 1 and 2 feet in lieigHt, as shown in the following 
table : — * 

Table XCVII. 

Zvii moi/y. 


N<». t.f l\*t. 

Crusscil IluntH. 

rtilisi.ll PLiiits. 




Jnuht‘S. 

I. 

-•u 


17 i! 


IJ 


20-^ 


*Jl 


20 

11. 



20 




is;i 


; ‘jii 


ISi 

III. 

' 2JJ- 



' 

20 f 

H 


ir.| 


ISjf 




: -74 


V 1« 


i 


lOjf 

iV. 

21 


18 


22 J 


12 S 


2;{ 




12 


IS 

Total in inches. 

;502‘88 


26:3 *03 


The fifteen crossed plants here average; 20*11), and the fifteen 
self-fertilised plants 17 *0? inches in lieiglit; or as 100 to 87. 
Mr. Galtou made a graphical re])resentation, in accordance w*ith 
the method described in the iiitrtxluctory chapter, of the above 

male flowers usually sliotl their K. A'kad.' llcilin, Oct. 1872, 
{K>]len before tlie female floweis p, 743. 
are mutuie: * Monutsbericht der 
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moasnreinents, and adds the words “ very good ” to the curves 
thus formed. 

Shortly afterwards one of the crossed plants in Pot I. died ; 
another l)ccame miicli diseased and stunted ; and the third never 
grew to its full height. They seemed to have been all injured, 
probably by some larva gnawing their roots. Therefore all 
the j)Iants on Ixith sides of this ix)t were rejected in the subse- 
quent measurements. When the plants were fully grown* they 
wore again measured to the tips of the highest leaves, and the 
eleven crossed i)lantB now avcragt*d 68*1, and the eleven self- 
fertilLsed plants 62*34 indies fn height; or as 100 to 91. In all 
four jiots a cro.ssed jilant fio\vcred btjforc any one of*the self-fer- 
tilised ; but three of the plants did not flower at all. Those that 
flowered were also measured to the summits of the male flowers : 
the ton crossed plants averaged 66 *51, and the nine self-fertilised 
plants 61 * 59 inches in height ; or as 1(X) to 93. 

A large number {)f the same crossed and self-fertilised seeds 
were sown in the middle of the summer in the open ground in 
two long rows. Very niudi fewer of the self-fertilised than of 
the crossed plants produced flowers ; but those that did flower, 
flowered almost simultaneously. When fully grown the ten 
tallest ])l{ints in each row were selected and monsured to the 
tip s of their highest leav('s, as well as to the summits of their 
male flowers. The crossed averaged to the tips of their leaves 
54 inches in lieight, and the self-fertilised 44^65, or as 100 
to 83; and to the summits of their male flowers, 63*96 and 
43*45 iiiehes; or m 100 to 80. 


rH.ALAUIS CANAlilENSIS. 

Hildebrand has shown in the paper referred to under tbo 
last species, that this lierinaphrodite grass is better adapted 
for cross-fertilisation than for sell-fertilisation. Several plants 
wore raised in the greenhouse close together, and their flowers 
were mutually intercross<}d. Pollen from a single plant growing 
fjuite separately was collected and placed on the stigmas of the 
same plant. The seeds thus produced were self-fertilised, for 
they were fertilised with ixflleu from the sjime plant, but it 
have l)een a mere cliance whetlicr with pollen from the same 
flowers. Both lots of seeds, after germinating on sand, were 
planted in pairs on the opposite sides of four pots, which were 
kept in the greenhouse. When the plants were a little over a 
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foot in height they were measured, and the crossed plants 
averaged 13 ’38, and the self-fertilised 12*29 inches in height; 
or as 100 to 92. 

When in full flower they were again measured to the ex- 
tremities of tlieir culms, as shown in the following table : — 


Table XCVIII. 
Ph nhiris camiriens in. 


No. of Pot. 

Crui^sod Plants. 

St'lM*ortills«^ Plants. 

„ 

H 



InchoA. 

Inches. 

1. 

421 



39 S 

■tr.j 

11. 

.•^7 . 

• 31 S 


49| 

37 3 


29 

423 


:i7 

345 

III. 

.*57 S 

28 


:j:>j 

28 


43 

34 

IV. 

40 J 

3oJ 


37 

34J^ 

Total in inches. 

428 00 

392-03 


The eleven crossed plants now averaged 38 .9, and the eleven 
self-fertilised plants 35 *09 iuclics in heigh i ; or as 100 to 92, 
which is the same ratio as licfore. Differently to what occurred 
with the maize, the crosscul plants did not flower Ivfore the self- 
fertilised; and though l)oth lots flowered very poorly from 
having l>een kept in pots in the greenhouse, yet the self-fertilised 
plants produced twenty-eight flower-heads, whilst the crossed 
produced only twenty ! 

Two long rows of the same seeds were sown out of doors, and 
care was taken that they were sown in nearly equal number ; 
but a far greater number of the crossed than of the self-fertilised 
seefis yielded plants. The self-fertilised plants were in con- 
sequence not so much crowded as the crossed, and thus had an 
advantage over them. When in full flower, the twelve tallest 
plants were carefully selected from both rows and measured* 
as shown in the following table : — 
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Table XOIX. 

FhaJarifi canariensu (jgrowing in the open ground). 


Crossed l^nts, twelve 

Self-fcrtiliswl Plants, 

tallest. 

twelve tallest. 

Inches. 

Inches. 

34i 

33 i 

35J 

31 i 

se 

3.^ 

35 J 

32 

358 

3«i . 

31J 

3b 

36 S 

33 

3»S 

; 32 

36 J 

351 

35 J 

33 j 

■ 341 

345 

34 j 

' 35 

Total in) 40a.- 

illClK'S./ 

402-0 


The twelve crosseil plants here average 85*78, and the twelve 
self-fertilised 83*5 iiiehes in height; eras 100 to 93. In this 
case the crossed })]ants flowered rather lx)fore the self-fertilised, 
and tlius differed from those growing in the pots. 
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CHAPTKR VII. 

Sl'MMARY OF THE II EIGHTS ANH WEIGHTS OF THE CnOSSKD AND 
Self-feutit,isi:i) Plants. 

Number of species ami plants nu‘asnn*<l —Tables given — Preliminary 
remarks on the ottsjiring of plants cowsod ]>\'a fresh stoek— Thirteen 
cases s|)ecially coiisiilercMl — The iHt cts of crossinir a self-b-rtilised 
plant either by another self-fertilised jdaiit or by an intiTcrossed plant 
of tlie old stock — Sunmiarv of tin* results— Preliminary remarks on 
the crossed and self- fertilised plants of the saim* shx*k --Th(‘ twtmly- 
sis exceptional case.-^ considered, in which the <'ross<‘d plants did not 
exceed greatly in height the. self-fertilised — ^lost of th(‘se cases 
shown not to be real exceptions to tlie rule that croH.^-fertili.-<ation 
is liemdiciul— Summary of results -Itelative weights of the crossed 
and self-fertiliso<l plant.s. 


The details whieh Inivo boon ^nv(*u iindcT the head 
of each spindes aro so luiinorous and so intricate, tliat 
it is iiecossary to tabulate the results, lii Tabb* A, the 
number of plants of caoli kind wliirh vjt n* rnisod from 
a cross between two individuals of tlii‘ same stock and 
from self-tertilised Herds, together with their iin'aii 
or average Inughts, are given. In tlio right-hand 
column, the nj(‘an Inught of the crosstMl to that of 
the self-fertilised plants, the former being taken as 
100, is shown. To make this clear, it may be ad- 
visable to give an example. In thi^ first g<‘neratiori of 
Ipomma, six plants dtTived from a cross between tw'o 
plants were intaisunid, and tlieir moan height is 86*00 
inches ; six plants derived from flowers on the same 
parent-plant fertilised with their own pollen were 
measured, and their mean height is 65*66 inches.^ 
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From this it follows, as shown in the right-hand 
coluniii, that if the mean height of the crossed plants 
be taken as 100, that of the self-fertilised plants is 76. 
The same plan is followed with all the other species. 

The crossed and self-fertilised plants were generally 
grown in pots in competition with one another, and 
always under as closely similar conditions as could 
1)0 iittained. They were, however, sometimes grown in 
sepiirat(! rows in the open ground. With several of 
the species, the crossed plants were again Aossed, and 
the self-fertilised plants again self-fertilised, and thus 
successive generatiuus were raised and measured, as 
nniy be seen in Table A. Owing to this manner of 
proceeding, the crossed ])lants became in the later 
generations more or less closely inter-related. 

In 'i’al)le IJ the relative weiglits of the crossed and 
self-fertilised plants, after they had flowered and had 
bf(>n cut down, are given in tlie few cases in which 
they were ascertained. The results are, 1 think, more 
striking and of greater value as evidence of constitu- 
tional vigour than those deduced from the relative 
heights of the plants. 

The most iidportant table is that of C, as it includes 
the ndative heights,, weights, junl fertility of plants 
raiseil from panuits cros.sed by a fresh stock (that is, by 
non-rclatcd plants grown under different conditions^ 
or by a distinct sub-variety, in comparison with self- 
fertilised plants, or in a few cases with plants of the 
same old stock intercrossed during several generations. 
The relative fertility of the plants in this and the 
other tables will be more fully considered in a future 
clniptcr. 
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Table A . — Relative JTeiyhts of Plants from Parents crossed with 
Pollen from other Plants of the same Stocky and self-fertilised. 



IpomoDa purpurea — 1st generation I 
Ipoinoea purpurea — -mi geueratiou 
Ipunuea ])urpurea — iird generatiiin 
Ipoinma purpurea — tth generation , 
Ipomoea j»urpnrea — 5th generation 
Ipoimea purpurea — dtli gent*ration 
Ipoincea purpurea — 7th generation 
Ipomcpa ])urpurea — hth generation 
ipomtea purjuirea — ‘. uIj generation 
Iponut'a ])urpurea-l(Uh generation 
Number and average lieight of allj 
the plants of the ten genera*! 

tions ) 

Mimulus luteus — three first gene-j 
rations, before the new and taller), 
srif-fertilised variety appeared ) 

Digitalis purjuirea ; 

Calceolaria — (coiuinon greeuiiouse i 

variety) / 

IJnaria vulgaris j 

Verbascum thapsus . . . . | 

V andullui numniularifolia — cro»se<l 
and stdf-fertilised plants, rain>ed 
from perfect flowers, , 

Vandellia nummularif«dia — crossed 
aD<i self- fertilised plants, raised 
from perfect ilowers : second f 
trial, plants crowdeil , . .J, 

Vandel 1 ia ii u inm u lari fol ia — crossml 
jdants raised from perfect flowers, 
and self-fertilised plants from 
cleistogene. flowers , , . . 

Gesneria penduiiua 

Salvip. coccinea 

Origanum vulgare 

Thnnbergia alata 

Brassica oleracea 

Iberia urnbellata — the self-fertilised'ii I 
plants of the i$rd generation , / 


i 0 

8G‘0o 

! b 

G5 

*GG 

as lOO to 

7<; 

r. 

84- IG 

i 6 

; tiG 

•:;3 



79 

G 

77*41 

i G 

52 

*8;*. 



68 

, 7 

GO *78 

; 7 

Go 

*14 

t. 


86 

6 

82*54 

: G 

G2 

*33 

,, 


75 

G 

87 -on 

a 

G3 

•IG 



72 

0 

8G-04 

. y 

GH 

• 25 



81 

8 

li:i*2,j 

► 8 

. yti 

'1*5 


„ 

85 

U 

81 *50 

M 

, r4 

*»)7 

,, 


79 

b 

05*70 

5 

5o 

*40 

T? 

*• 

54 

7d 

85*84 

73 

GG 

*02 

»• 

•* 

77 

10 

8*10 

10 

5 ' 

•29 

„ 


G5 

• G 

51 * I’di 

' 8 
i 

i"»5 ' 

’87 

>• 


70 

1 

iy*5o 

1 1 

15- 

■00 


„ 

77 

'A 

7*08 

. 3 

< 5‘ 

'75 



81 

G 

G5*a4 

C 

5G 

5o 



8G 

20 

! 4*50 

20 

4- 

i 

27 



yy 

24 

3-GO 

24 

3* 

38 



94 

20 

4 -ad 

20 i 

i 

OG 

I 

»» 


94 

a 

32*06 

8 i 

29* 

14 



90 

G 

27*85 

G ' 

21* 

IG 

*1 


7G 

4 

20*00 

4 i 

17* 

12 



HG 

a : 

GO ‘00 

a 1 

65* 

00 i 

?» 

T» 

10b 


41*08 

9 i 

39* 

00 

M 

M 

95 

7 ' 

19*12 

7 * 

i 

10* 

39 

»» 


86 
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Tablk a — continued. 


NAMES OF PLANTS. 


“I 

Is 

I 


1 

- . 


Ms 

•si 


G 



52 

•as 


bftg 

'5 2 

•o§ 

is 

II 

1 

al 

> 

l| 


-sj 




in 

oJi* 

•Sjs" . 

■«S§2 

S § 




l*a|»aver vaguni , . . . . , 

Ei>c‘h&>chultzia cal ifornica — English \ 
stock, l.'<t goncration . , ./ 

Eschscholtzia cnlifornica — English I 
stock. 'Jntl generation . . .j 

Eschscholtzia calit’ornica — Bra- 1 
zilian stock, 1st generation . ./ 

Eschscholtzia calilornica — Bra- 1 
zilian stock, 2ml generatitm. ./ 
Eschscholtzia cnlifornica — average | 
heiglit and iiuiiil>er uV all the> 
plants of Eschscholtzia « . .) 

Iie.se<la lutca — grown in pots , 
Uesedu Intea — grown in open ground 
Keseda odorata — stdf- fertilised j| 
seeds from a highly self-fertile j 
plant, gri>wn in pots. , . . | 

lie>edii odorata — self- fertilised ’ 
seeds from a highly self-fertile -j 
plant, grown in open ground . j 
Keseda odorata — self- fertilised I 
seeds from a se.tii-self-sterile ! 
plant, grown in pots, . , . j 

Keseda odorata — self- fertilised j 
seeds from a semi-self-stcrile 
plant, grown in open ground 

Viola tri(;oior 

Adonis a'stivulis 

Belphinium et)n.sulidu .... 

Viscariu oculata 

Dianthus carvophyllus — openl 
ground, about . . . « . . / 

Dianthus caryophyllu.s — 2iid gen-l 
eration, in pots, crowded . . / 

Dianthus caryophyllus — 3rd gen-1 

eration, in pots f 

Dianthus caryophyllus — otVspringl 
from plants of the 3rd self-ferti- 
lised generation crossed by inter- 
crossed plants of 3rd generation, ' 
compared with plants of 4lh self- 
fertilised generation . . . .J 


15 

21-91 

15 

19-54 

as 100 to 

89 

4 

29-68 

4 

25-56 

9f 

tt 

86 

11 

32-47 

11 

32-81 

It 

tt 

101 

14 

44*04 

14 

45-12 

it 

tt 

101 

18 

43-38 

19 

50*30 

tt 

tt 

1 16 

47 

40-03 

48 

42-72 

tt 

0 

107 

24 

17*17 

24 

14*61 


tt 

85 

8 

28-09 

8 

23*14 

tt 

tt 

82 

19 

27-48 

19 

22-55 

” 

tt 

82 

8 

25-76 

8 

2J-U9 

M 

tt 

• 

105 

20 

! 29-98 

i 

20 

27-71 

tt 

tt 

92 

8 

I 

25-93! 

8 

23-54 

tt 


90 

14 

1 

5 • 58 i 

14 

2-37 

•i 


42 

4 

14-25 i 

4 

14-31 

tt 


lOO 

6 

14'9r>; 

6 

12-50 

tt 


84 

15 

34 -50,1 

15 

33*55 

tt 

»» 

97 

6? 

28? 

I 

6? 

24? 

tt 


86 

2 

16-75 

2 

9-75 

tt 

»» 

58 

8 

28*39 

8 

28-21 

tt 


15 

28-00 

10 

26-55 

tt 

tt 

95 



242 


SUMMARY OF MEASUBEmAnTS. ..Chav. VII. 


Table k— continued. 


NAMES OF PLANTS 


Diaothus caryo|>hylliis — ininiber 
ami arerago' height of all tho 


•ib ■2.'>'1S 

as 10b to 

i>2 

plants of l)iantiius .... 
Hibiscus africanns 

1 4 

4 ^14*4:1 

»• ?• 

lf»‘i 

Pelargonium zouale .... 

= 7 

7 ■ H i-b 'J 


74 

Tropieolum minus 

•S ( .">8 * 4!i 

8 4»)MMi 


7it 

Limnunthes (bmglasii .... 

: lb ; 17 •4r. 

lb : lb-8.*. 

»• 

70 

Lupinus luteus — 2iul generation . 

8!;Uf7S 

8 -JirLU 

•1 »’ 

82 

Lupinus jiilosus — plants of two 

^ O j * ^ 

.’J .‘In 


8b 

generations j 

I’haseolu.s multitlorus .... 


5 8’J * .'I.*. 

•« »• 

V »» 

Ob 

Pisum sativum 

4 dd bg 

4 ;;i)*b8 



Sarothamuus scuparius — sinalli 

|‘ tl L* • 0 1 

b 1 * b.’l 

»» 

»» 

4 b 

seedlings I 

Sarothamuus scojiarius — the three | 
.survivors on each .side after three. 

1 ■ 

18-lU 

11 -8:1 

bd 


yiiars’ growth 


(hv)nis minutissima .... 

.1 

19-Hl 

2 17'37 


>» 

88 

Clark ia elegans . ^ 

4 

bb-.’.n 

4 27 - b2 



82 

Bartonia a urea 

8 

24 -bJ 

8 -Jb-:;! 


»» 

107 

P.*i8.siflora gracilis 

o 

41»'‘H) 

2 1 • t II » 

*1 

M 

104 

Apium petrosfclinuin . . 

. 1 

I»Ot 

1 V f‘ '•“* 1 

j • '1 ni«*H.>uri a. j 


t' 

ItiO 

Scabio.sa atro-purpiirea . . . . * 

A 

17M2 

4 l.v:i7 


?? 

ori 

Lactuca sativa — plants of two gen-i 

7 

ib-4;j 

b lb-0(i 



82 

orations I 




iSpecuIaria .speculum . . . . ! 

4 

19-2.S 

4 18-9:; 



98 

Lobelia rainosa — 1st generatii*;, . | 

4 

2*2 ’ 2.*> 

4 ' l8-;{7 

»» 

,, 

82 

L'lhelia ramosa — 2iid generation . , 


22i ’ .■J’. 

3 19*00 

•« 

•> 

81 

Lobelia fulgens — 1st generation . 

2 

."»4*7o 

2 44-2:. 


•T 

127 

J.obelia fulgens — 2nd generation . 

2:1 

29-82 

23 -27-10 



91 

Neuiophila insignis — lialf-grown . 

12 

1 1 - 

12 3-4.7 




Nemophila in.signis — the same fully i 
grown ,j 


:j3- 28 , 

: 19-90 



bo 







Borago oilicinsilis ' 

4 

20 •b8 

4 -21*18 

,, 


102 

Nolipia prostrata 

5 

12-7:. 

3 i 13*40 



10.7 

Petunia violitcea — 1st generation . 

.5 

30 -80 

r» 2b *00 

»• 


84 

Petunia vi.ilacea — 2nd generation . 

4 

40 '.V) 

b i2b'23 



07 

Petunia violacea — drd generation . 

8 

40 '9b 

8 7.3*87 , 

V 


131 

I^etuuia violacea — 4th generation . 

I.> 

40-79! 

14 i 32*39! 

M 

«» 

60 
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Table A — couiimied. 



I 

•o 

i 

1 

ti. 

z, ^ 

& 5 

(M Vj 

c, t 

I.* 

Q* 

s 

C 

NAMKS OF PLANTS. 

P rs 
c 

c. 7 

f 1 

■ 5 * 

y 50 

o ;i 

"5 **■ 

U 

£ s 
"B * 

o s 

1- ^ 

Ja 1 

fl 

Zj 

0 height of 
f to the Self- 

a 

V 

£ o 

£m -a 


11^ 

fccr' 

I"" 


u.^ 

S-r 

H 

— c 




A 




IVitiinia vi(jliu’ca — 4th generation.! 
tVoni a <li.Ntiiu‘t {Mirent . . . | 

i:j 

44-74 

i:5 

26 •?7 

as 100 to 00 

IVtunia violucea — .’)th gruoration . 

•g'"* 

:>4-il 

21 

33 • 2:1 

,, 

„ 61 

IVtunia violarea — .‘ith generation, | 

in open groiiinl 1 

l’«*tnuia violarea — N'lnnher an<i| 

lo 

; 38-27 
i 


23*31 

V 

„ 01 

average lieiglit of all the plants 
in j»ots of Petunia . . . . | 

07 

; 4(>*r».‘) 

i8*ro> 

67 

3.‘> * 1 

*> 

„ 71 

Nieotian i tahacum — 1st generation 

4 

4 

32-75 


178 

Nirotian.i tah.vrum — ‘Jml generation 

*’♦ 

.33*84 

7 

51-78 


90 

Nicotian.i tahacum — 'Ird g<*iieration 

7 

t)o*2:. 

7 

79 ‘60 


8:J 

Nieotiain laljaoum — Ilnl generati«in i 


70-78 


71-30 


,, 101 

hut raised from a distinct ]daut t 
Nicotiana tahacum — numhcr andl 
average lieight of all the plants 







27 

(».’» * 73 

27 

61-31 


„ 96 

ofXicoti.tna 1 

t 'y<damen pcrsieuin 

R 

0-40 . 

8? 

7'5(» 


.79 

Auagallis coDina 

ri 

42- -JO 

6 

.33 -.3.3 


60 

Primula sinensis — a dimnrphie|^ 
species | 

s : 

9*nl 

8 

• 

9*t>3 


„ 100 

Fagopyriim oscnlontrMi — a dinior-i 

i:. 

:58*oo. 

15 

20* 13 


00 

phie spi'cics } 


?• 


lleta vulgaris- -in pots, . • , 

8 

:U-i>0 

8 

29-81 


„ 87 

Ileta vulgaris — in t»pen ground 

•S 


H 

;Jo*7t» 


„ 99 

U-aniia war>ce\vic/.i —plants of three! 

! 34 

35*98 

:J4 

30-39 


„ lol 

generations J 




/ea mays---iii pots, whilst young,! 

iiieasnred to tips of leaves . . f 

Zea mays — when full grown, after | 

: 13 

20*19 

15 

17-57 

>» 

„ 87 

the death of some, measured toj 


08*10 


02-34 


„ 91 

tips id* leaves. . , . , , . I 






Zea mays — when full grown, after | 







tlie death of some, measured to| 


0G*.M 


til *59 


,, 93 

tips of tiuwers ) 

! 


i 




Zea mays — grown in open ground,! 
mejvsured to tips of leaves . .f 


:>4*t>o j 
* 

10 : 

44*5.3 


„• 83 

Zea mays— grown in open ground, 1 

i 

53*96* 


43-45 


„ 80 

measured to tips of flowers . . j 

1 i 



Phiil.'iris canariensis— in pots . 


38*90 ' 

: H 

35*09 



Phaluris canariensis — in open ground 


^ 3«» * » 8 

I- 

; 33 * 30 

» 

„ 9:; 


Tt> 
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NAMES OF PLANTS, 


1 NumU‘r Numlwr Welpht of the 
‘of ( .‘I'oH.sed of Self- I Crossiil PlttiitH 
I , fertiliHetl I taken as 100. 

I ! I 


IpoiiKPa piir])urea — plants of the 10th 1 

generntioQ ) 

VanJollia nummulariiolia — Ist genera-i 

tioD / 

Brassioa oleracea — 1st generation . . - 

L->ehscholtzifi californica — plants of the'i 

2nd generation . ’ j 

lle.seda lutea — 1st generation, grown in» 

pots I 

lkC<eda lutea — 1st generation, grown ini 

open ground f 

Kesc'da odorata — 1st generation, 
scended from a highly self-fertile 

plant, grown in pots I 

lieseda odorata — Ist generation, dc-j 
.scended from a semi-.self-ftterile plant, ? 

grow n in pots ) 

Diacthus caryophvllu.s-— planis of thei 

3rd generation ) , 

Petunia violacea — plants of the 5th I { 

generation, in pot.s /. 

Petunia violacea — plants of the 5th i! 

generation, in open ground . . ./| 


as 1<M» to 44- 
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Table aC. — Relative Height Weights, and Fertility of Plants from 
Parents crossed by a fresh Stock, and from Parents either self- 
fertilised or intercrossed with Plants of the same Stock, 


NAMKS OF PLAN rS AND NATURE 
OF THE EXPERIMENTS. 


3 * 


II 


13 

s 

s 


"H- 

^53 : 


'III 

II' 

1 


■ 


ill I 


ipii 


S'! a 

«s ©3 

CO 

5 CJ 

- o « 

ilSas; 
S'® *3 


Ijmmtna purpurea -7 offspring oH 
plants intercrossed for nine gen- 
eration.s and then crossed by a 
fresh stock, compared with 
plaut.s of the 10 th intercrossed 
generation , 

Ipoimea purpurea — offspring of| 
plants interen^sed for nine gem 
erations and tnen crossed by a 
fresh stock, compared with 
plants of the 10 th intercrossed 
generation, in fertility • • ,j 

Miinul«s luteus — offspring of plants 
self-fertilised for eight genera- 
tions and then ci’ossed by a fresh 
stock, compared with plants of| 
the 0 th self-fertilised generation 

Mimuliis luteus— offspring of plants' 
self-ffjrtilised for eight genera- 
tions and then crossed by a fresh 
stock, compared with plants ofj 
the 0 th self-fertilised generation, 
in fertility , 

Mimulus luteus — offspring of plants' 
self-fertilised for eight genera- 
tions and then crossed by a fre.sh 
stock, compared with the oft - 1 
spring of a plant self-fertilised 
for eight generations, and theu^ 
intercrossed with another self- 
fertilised plant of the same gen- 
eration • 


10*44 : 



19 165*78 as 100 ‘o 78 




12*20 
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Table Q—conthnvd, 
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^'AMES OF TLANTS AND NATURE : 31 
OF THE EXPERIMENTS. | J : |i 
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Mimiiluslutous— olVspringof 

selMertilised for eij^ht ijt'ut'ra- 
tious and tht'ii crossed by a fioh 
.stock, compared with the ofl- 
sprinji ^ ]dant self-fertiiised 
for eijrht generations, and then 
intercnjssed with another self- 
fertilised plant of the .s;ime gen- 
eration, in fertility . 

lirassica oleracea — otlspriu| 
plants self-fertilised for t\V' 
orations and then crossu ' 
fresh .stock, conijmred with 
plants of the lir<l self-fertilised 
generation, by weight . . 

Iberis uinbellata — otfspriiig from' 
English variety (grossed by 
.slightly ditlerent , Algerine va- 
riety, compared w ith the .self- 
fertilised olispring of the EuglKsh 
variety , 

Iberis umbel lata — oHspring frorn^ 
English variety, cr<»ssed by 
slightly ditlerent Algerine 
variety, compared with the sedf- 
fertilised oifspringof the English 
variety, in fertility , . , .j 

Eschschoitzia californica — titFspringl 
of a Brazilian stock crosstnl by 
an English stock, compared with, 
plants of the Brazilian stock of] 
the 2ud sol f-ferti Used generation^ 

Eschscholtzia cal i foruica — offspring] 
of a* Brazilian stock crossed by 
an English .stock, compared withi; 
plants of the Brazilian stock ofj 
the 2nd self-fertilised generation, 
in weight ^ 


A * 


S 4- *: 
U.-S : 



as lOU to 4 


82 


75 


100 


118 
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Table C — cotitinued. 


NAMES OK PLANTS AND NATLPE 
OK THK KXPEIUMKNTS. 



Lsrhst ln^ltzia calitornica — ! 
of a ]'>ra/.ilian htock cro'»oil by i 
au Kngii>li stock, (a>iiiparo<l witlih 
plants of the Dra/ilian stock ofj > 
the 2nil si'lf-fertiliscd gciierution, ! 
iu fertility J ' 

i 

Eschscholtziaralifornica — oiVsjiriug' 
of a Drazilian stock <To>Mj(i by 
an English stock, compared with 
plants of the Drazilian stock of 
the 2nd intin'crossed generation, 
iu height . . * , 

Eschscholt/ia californica — ofl'spring' 
of a lira/.iliau stock crossed by 
an English stock, coinparod with 
jdants of the Drazilian stock ofj 
the 2ml intercrossed generation, 
in weight , 


Eschschnltzia californica — oflspring^ 
of a Drazilian stock cross»i»l by 
,111 English stock, compared with 
plants of the JDazilian stock of 
the 2nd intercrossed generation, 
in fertility ....... 

Dianthus caryo)»hy Hus — otlsjjring^ 
of plants stilf-fertilised for three 
generations and then crossed hy 
a fresh stock, compared with 
f)l,ints of the 4th self-fertilised 
generation , 


Dianthus caryoj>hyllus — offspring^ 
of jdanfs self- fertilised for three' 
generations and then erosseil by 
a fresh stock, compared with 
plants of the 4th s^lf-fertilised 
generation, in fertility . . .. 


I 


y 19 45-92' 18 


as ICK) to 40 


43*38 


16 


32-82 10 


26*55 


94 


fuu 


45 


81 


33 
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Table G— continued. 


NAMES OF PLANTS AND NATURE, j 
OF THE EXPERIMENTS. 6 f j 


Dianthus ca iV^ph y 1 1 us — ofl's j)r i n 
of plants seif-fertilisod fur three 
generations and then crossed by 
a fresh stock, compared with the 
offspring of plants self-fertilised 
for three generations and then 
crossed by plants of the 3rd 
intercrossed geiu*ration , . 

Dianthus caryophyllns— offspring' 
of plants self-fertilised for three 
generations and then crossed by 
a fresh stock, compared with the 
offspring of plants self-fertilised ► 
for three generations and then 
crossed by plants of the 3rd 
vntcrcrosscd generation, in fer- 
tility ... V ... .. 

Pisum sativum — ofl'spring from a' 
cross between two closely allied 
varieties, compared with the self- 
fertilised offspring of one of the 
varieties, or with intercrossed 
plants of the same stock . 

Lathyrus odoratus — offspring from' 
two varieties, differing only in 
colour of their flowers, compared 
with the self-fertilised offspring 
of one of the varieties : in 1st 
generation 

Lathyrus odoratus — offspring from' 
tv«o varieties, difi’ering only in 
colour of their flowers, compared 
with the., self-fertilised offspring 

' of one of the ' varieties : in 2nd 
generation 


16 32*82 15 I 28*00 ; ns 100 to 85 


2 ; 79-25 2 ‘63* 


6:62-91 6 1,55-31 
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Ta^le 0’--continued. 


NAMES OF PLANTS AND NATURE 
OF THE EXPERIMENTS. 



111 

1 ' 5 | 

ut 

4» D *S 


Potuniii violrtcea — oRspring of) 
plants sidf-fortilised lor four 
g(‘ncr.*itions anil thon crossed hy 
a frt?sh stock*, compared with 

]>lants of the Mh self-fertilised 
generation, in height . , 

Petunia violncea — offspring ol^ 
plants self- fertilised for four 
generations and then crossed by 
a fresh stock, compared with 

plants of the bth self-fertilised 
generation, in weight . . .j 

Petunia violacea — offspring of) 
plants s<‘lf-fertilised for four 
generations and then crossed by 
a fresh stock, compared with 

plants of the 5th self-fertilised 
generation, grown in open ground, 

in height 

Petunia violacea — offspring of) 
plants self-fertilise<l for four 
generations and then crossilQ by 
a fresh stock, compared with 

plants of the 5th self-fertilised 
general ion, grown in open ground, 
in weight . . ^ , 

Petunia violacea — olTspriug of) 
plants self-fertilised fur four] 
generations and then crossed by 
a fresh stock, compared with 
plants of the 5th self-fertilised 
generation, grown in open ground. 

in fertility 

Petunia violncea — offspring of) 
plants self-fertilised for four 
generations and then crossed by 
a fresh stock, compared with 
plants of the 5th intercrossed 
generation, in height , • 


21 I 50-05 


21 33-23 


as 100 to 66 


10 36-67 = 10 : 23-31 


21 


50-05 


22 


54-11 


23 


»» » ^3 


>» )> 


»l >» 


108 
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Table C — continued. 


i<s;| . 

! 


NAMES OF PLANTS AND NATURE 
OF THE EXPEKIMENTS. 


'll 


lill 


li 

5^ 


? ii 


|l| 

li'S 

Plo- 


Petunia violatea — oflsjirinfij of^ 
phiuts self-tort i Used for four 
generations and then crossed by 
a fresh stock, compared with 
plants of the .^th intercrossed 
generation, in weight . , 


;as 100 to 101 


Petunia violacea — offspring of 
plants .self fertilised for four 
generations and then crossed by 
a fresh stork, c<mipared with 

t 

' 

, 

i 

► 10 ;i6-67 

10 

plants of the 5th intercrossed 
generation, grown in open ground, 
in height 

; 

i 

Petunia violacea — offspring of 
plants self-fertilised for four 
generations and, then crossed by 
a fresh stock, compared with 
plants of the 5th intercrossed 
generation, grown in open ground, 
in weight , 

Petunia violacea — offspring of 
plants self-fertilised for four 
generations and then crossed by 
a fresh stock, C(»in pared with 

! 


i ' 

i ! 

1 ! i 

i 1 

' t 

• i • * 

i 

i 

A 1 

plants of the 5th intercrossed 
generation, grown in open ground, 
ill fertility . . , . 

i 1 

i 

! 


38-27. 


Nicotiana tahaciim — offsjiring oft 
plants self-fertilised for three 
generations and then crossed by 
a (^lightly diirerent variety, corn- 
pared with ]dants of the 4th 
self-fertilised generation, grown 
' not much crowded in pots, in 
height 


26 63-29 


26 ,41 -67; 


104 


146 


! »» i» 


66 
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Table Q^emtimed, 


NAMES OF PLAN I S AND NATURE 
OF THE EXPERIMENTS. 


Is' 

€ t ! 

: c ^ I 

M ' 


3 

I 

it 

P 

4> 

IP 


|g<2 


■1:1! 

,’£* 1 ' ^ 

l! I 

la's 5 


frfS 

| 6 | 

hs 

5 l| 

III 

Pli 

ft- *5 2 


Nicotian.^ talwiuum — offspring 
jilauts .si*lt-t\TtilLs«<i for three 
generations and then erossed b}* 
a slightly different variety, com- 
par<Nl with plants of the 4th 
self-fertilised generation, grown 
niiioh crowded in pots, in height] 

Nicotiana tabnnim — offspring ofj 
plants self-fertilised for three 
generations and then crossed by 
a slightly different variety, com- 
pared with plants of the 4th 
self-fertilised generation, grown 
much crowded in pots, in weighty 


Nicotiana tabacum — offspring of) 
plants self-fertilised for three 
generations and then crossed by 
a slightly different variety, com-^ 20 
pared with jdants of the 4th 
self-fertilised generation, giwn 
in open ground, in height • 


Nicotiana talmcurn — offspring of^ 
plants self-fertilised ftir three 
general ioDH and then crosstal by 
a slightly different variety, com- 
pare<i with plants of the 4th 
self-fertilised generation, grown 
in open ground, in weight . 

Anagallis colliua — offspring from a ) 
red variety crossed by a blue* 
, variety, compared with the seif- 
fertilised offspring of the red 
variety .j 


Y 12 31*53; 12 17*21 as 100 to 54 


37 


48*74 20 ,35*20! „ „ 72 


27*62 


63 


18*21 


’66 
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Table C — continued. 


NAMES OF PLANTS AND NATURE 
OF THE EXPEHIMENTS. 


Anagallis coflina — offspring from a^; 
red variety crossed by a blue ' 
variety, compared with the self- 
fertilised offspring of the red j 
variety, in fertility . . . .Ji 

Primula veris — offspring from loiig-'\ j 
styled plants of the .‘Ird illegiti- | 
mute generation, crossed by a j 
fresh stock, compared with i 
plants of the 4th illegitimate i 
and stdf-fertiliscd generation .J| 
Primula veris — offspring from long-^ | 
styled ))lants of the ord illegiti- j 
mate generation, crossed by a j 
fresh stock, c<*mpared with ►. 
, plants of the 4th illegitimate ' 
and self-fertilised generation, in 1 

fertility . j 

Primula veris — offspring from long-) ' 
styled plants of the 3rd illegiti- 
mate generation, crossed by a 
fresh stock, compared with> 
plants of the 4th illegitimate j 
and self-fertilised generation, in | 
fertility in following year , .J| 

Primula veris . (equal-styled, red-)! 
flowered variety )~offspring from 1 
plants self-fertilised for two : 
generations and then crossed by a 
different variety, compared ^ith ■ 
jilants of the :3rd self-fertilised : 

generation , 

Primula veris (equal-styled, red- 
eflowered variety) — offspring from ; 
plants self-fertilised for two j 
generations and then crossed by a ► 
different variety, compared with ; 
plants of the 3rd self-fertilised . 
generation, in fertility . . . 



us 100 to 6 



Height, Weipht, and Fertility 
of the Plauts fnaii the Cross 
with a F resh Stock taken as 
100 . 
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In theso three tables the measurements of fifty-seven 
species, Tbelonging to fifty-two genera and to thirty 
great natural families, are given. The species are 
natives of various parts of the world. The number 
of crossed plants, including those derived from a cross 
between plants of the same stock and of two different 
stocks, amounts to 1,101 ; and the number of self-fer- 
tilised plants (including a few in Table C derived 
from a cross between plants of the same old stock) 
is 1,07(5. Their growth was observed from the germi- 
nation of the seeds to maturity; and most of them 
were measured twice and some thrice. The various 
precautions taken to prevent either lot being unduly 
favoured, liave been described in the introductory 
chapter. liearing all these circumstances in mind, it 
may be admitted that we have a fair basis for judging 
of the comparative eflects of cross-fertilisation and of 
self-fertilisation on the growth of the offspring. 

It will be the most convenient plan first to consider 
the results given in Table C, as an opportunity will thus 
be afforded of incidentally discussing sorue important 
points. If the reader will look down the right-hand 
column of this table, he w ill see at, a glance what an 
extraordinary advantage in height, weight, and fer- 
tility the ]>lauts derived from a cross with a fresh stock 
or with another sub-variety have over the self-fertilised 
j>lants, as well as over the intercrossed plants of the 
same old stock. There are only two exceptions to this 
rule, and these are hardly real ones. In the case of 
Eschscholtzia, the advantage is confined to fertility. 
In that of Petunia, though the plants derived from a 
cross with a fresh stock had an immense superiority in 
height, weight, and fertility over the self-fertilised 
plants, they were conquered by the intercrossed plants 
of the same old stock in height and weight, but not 
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in fertility. It has, however, been shown tliMt the 
superiority of these intercrossed plants in lierpht and 
weight was in all probability not real ; for if the two 
sets had been allowed to grow for another month, it is 
almost certain that those from a cross with the fresh 
stock would have been victorious in every way over 
the 'intercrossed plants. 

Before we C(msi(l(*r in detail the several cas(*s given 
in Table C, some jireliminary remarks must 1 h‘ made. 
There is vIk? clearest evidence, as w(‘ shall jwosently 
see, that the advantagt* of a cross dep«*nds wholly on 
the plants diflering somewhat in constitution ; and that 
tlu3 disadvantages of S(‘lf-fertilisation dej)end on the two 
})arents, which, are combined in the same lu‘rma])hrodite 
tlower, having a clos(dy similar constitution. A certain 
amount of differentiation in the sexual elements s(‘ems 
indispensable for the full fertility <»f the parents, and 
for the full vigour <»f the ofl'spring. All tin* individuals 
of the sann* sjiecies, (*ven those* product*(l in a state of 
nature, difi'er somewhat, though often very slightly, 
from one anoj^ln'r in external characters anr. probably in 
constitution. I^iis obviously holds good between the 
varieties of the same species, as far as external (*haracters 
are concerned ; and much evidences could Im* a<lvancv*d 
with respect to their generally dilfering somewhat in 
constitution. There can harilly lx* a doubt that tin* 
difterences of ajl kinds between the ind’ bluals and 
varieties of the same species depend largely, and as I 
believe (exclusively, on their progemitors liaving be(*n 
subjected to different conditions ; though tin* conditions 
to which the individuals of the same species an ex- 
posed in a state of nature often falsely appear to ns the 
same. For instance, the individuals growing together 
are necessarily exjiosod to the same climate, and they 
seem to us at first sight to be subjected to identically 
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the swie conditions ; but this can hardly be the case, 
except tinder the unusual contingency of each individual 
being surrounded by other kinds of plants in exactly 
the same proportional numbers. For the surround- 
ing plants absorb different amounts of various sub- 
stances from the soil, and thus greatly affect the 
nourisliment and even the life of the individuals of 
any particular spe*ci(‘s. These will also be shaded and 
otherwise affected by the nature of the surrounding 
plants. Moreover, seeds often lie dormuAt in the 
ground, and those which g(a*minate during any one 
year will often have Immui matiin^d during very different 
seasons. See<ls are widely dispersed by various means, 
and sonu* will occasionally be brought from disti^nt 
stations, where tlu‘ir jjanmts have grown urM.ler some- 
what diff(M*i‘nt conditions, and the plants produced 
from siKtli seeds will intercross Avith tlie old residtmts, 
thus niinghng their constitutional peculiarities in all 
sorts cjf proportions. 

riants AN hen first subjected to culture, evi-n in their 
ive <?(»initry, cannot fail to be exposed to greatly 
naiiged conditions of life, more especially from 

'oAving in <dcar<Ml ground, and fn>in not having to 
(»]npet(r Avitli man} (»i; any surrounding plants. They 
sv tl'.us eiialded to absorb A\hatever they require 
Avhich the soil may contain. Fresh seeds are often 
brought from distant gardens, avIutc the parent- 
plants have been subjtfcted to different conditions. 
Cultivated plants like those in a state of nature 
I'requtintly intenn-oss, and Avill thus mingle their 
constitutional })oc.uliarities. On the other hand, as 
long as the individuals of. any si)ecies are culti- 
vated in the same garden, they will apparently .be 
subjected to more uniform conditions than plants in a 
state of nature, as the individuals have not to eompe^te 
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with various surrounding species. The seeds sown at 
the same time in a garden have generally been riiatured 
during the same season and in the same place ; and in 
this respect they differ much from the seeds sown by 
the hand of nature. Some exotic plants are not 
frequented by the native insects in their new home, 
and ‘•therefore are not intercrossed; and this appears 
to be a highly important factor in the individuals 
acquiring uniformity of constitution. 

In my experiments the greatest care was tak(m that 
in each generation all the crossed and self-fertilised 
plants should be subjected to the same conditions. 
Not that the conditions were absolutely the same, for 
the more vigorous indivhluals will have robbed the 
weaker ones of nutriment, and likewise of water when 
the soil in the pots was becoming dry ; and both lots 
at one end of the j>ot will have received a little more 
light than those at the other eml. In the successive 
generations, the plants were subjected to somcwliat 
different conditions, for the seasons necessarily varied, 
and they were sometimes raised at different j)criods of 
the year. But as they were all kept under glass, they 
were exposed to far less abrupt and great (dianges of 
temperature and moisture than ^re plants growing out 
of doors. With respect to the intercrossed plants, their 
first parents, which wcJre not related, would almost 
certainly have diflered somewhat in constitution ; and 
such constitutional peculiarities would be variously 
mingled in each succeeding intercrossed generation, 
being sometimes augmented, but more commonly 
neutralised in a greater or less degree, and sometimes 
revived through reversion ; just as we know to be the 
case with the external characters of crossed species and 
varieties. With the plants which were self-fertilised 
dtiring the successive generations, this latter important 
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soiirc/) of some diversity of constitution will have been 
wholly*eliininated ; and the S(>xual elements produced 
by the same flower must have been developed under as 
nearly tlu^ same conditions as it is possible to conceive. 

In TaT)le C the crossed })lants are the oflspring of a 
cross with a fresh stock, or witli a distinct variety; and 
they wen* put into cenupetitiou eitlier witli self-fertilised 
plants, or with intercrossed plants of the same old stock. 
J>y the term fresh stock 1 mean a iion-related plant, 
the [irogeiiitors of which liave Ikmui raised during some 
generations in another garden, and have conse({U(‘ntly 
been exposed to somewhat different (‘onditions. In th(‘ 
easi* of JCicotiana, Iberis, the n*d vari(‘ty of Primula, the 
common lV*a, and perhaps Anagallis, the jilants which 
were cross<‘d may be. ranke<l as distinct vari(*ties or 
siib-varieti<‘S of the same species ; but witii Ipmncea, 
Slimnlus, Dianthus, )^nd P(‘tunia, tin' plants whicli 
were crossed diflered exelusiv(*ly in the tint of their 
flowers; and as a large jirojHJrtion of the jdants raised 
from the same lot of purchased seeds thus varied, the 
difter(MiCi*s may be estimat(*d as im‘rf‘lv individual. 
Having made these preliminary remarks, we will now 
cousi<ler in detail the several cas‘‘s given in Tabh* (\ 
and they are well worjhy of full consid(*ration. 

(1.) Iponuva inirpuretu — Plants growing in the same 
puts, and subjected in each j^eii(‘ration to the same 
conditions, were intercrossed for nine consecutive 
generations. These intercrossed plants thus became in 
the later generations more or less closely inter-related. 
Flowers on the plants of the ninth intercrossed genera- 
tion weVe flntilised with pollen taken from a fresh 
stock, and seedlings thus raised. Other flowers on the 
same iutercro^ed plants were fertilised with pcdleii 
from another intercrossed plant, producing seedlings of 
the tenth intercrossed generation. These two sets of 

s 
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seedlings wore grown in competition with one ano.thor, 
and diflerod groatly in hoight and ft^rtility. I’or the 
ofl’spring from tlio cri»ss witli a fmsh stock <*xc(»<MU»d in 
In ight the intercrossed plants in the ratio of 10Utt»78 ; 
and this is ni‘arly the same excess wliieh tlie inter- 
crossed had over the self-ff*rtilist*d plants in all ten 
geiuH-ations taken tog<*thei% nann*ly. as ltK> ti> 77. Thv 
])lants raised from the cross with a fresh st<»ck were 
also gr(‘atly snju'rior in fertility to the inter<*ros«ed, 
namely, in. the ratio of KK) to 51. as jmlged hy the 
relative nt‘ight of the seed-capsiiles prodnce<l hy an 
(Mjnal nninber of j>lants of the two sets, both having 
been left to b<‘ naturally IVu'tilised. It slaaihl be 
es]M*cially observed that none of the plants of eitlier lot 
were the* product of selfdertilisation. On tin* contrary, 
the intercrossed jylants had e'crtainly been crossed lor the 
last ten g'f'in^rations. and probab^v, dtiring all prf*vions 
gen(‘ratioij.s, as w(‘ iiuiy iider from tin* stnu'ture of the 
flowers and from tin* frequency of the visits (»f huinlde- 
bee.s. And so it will have been with the jmrent-plants 
of the fn‘sh stock. Tiie whole great diflerence in height 
ami fertility between the two lots must la* attributed t<» 
tlie one being the jjrodtictof a cross with pollen from a 
fresh stock, and tin* other of a cross In twi eii ]»hinls of 
the same old stock. 

'J’his sp«*cies oflcrs antither interesting case. In the 
live iirst gtiierations in wliich intererossefl and self- 
fertilised plants wen* jait into eomjM‘titi<»n with one 
another, every singh* intercrosse d plant beat its self- 
h*rtWis<*<l antagonist, exci^pt in one instance, in which 
they were e<jual in h(*ight. Jlut in th«* sixth gf*ne- 
ration a plant app<*aref|, named hy im* the fl<?ni, re- 
markable for its tallness and increa8<*d self-fertility, 
and which transmitted its characters to the m xt thren* 
generations. The children of Hero wen* again self- 



Chap. VII. 


TABLE C. 


25!) 


lorjili sril, f(»rniiu|r tho oi^lifh self-fertilised generation, 
and Were like\vis<‘ intercr<».ssed one with another; but 
thi.s cross Indwet^n plants whi(?h had l>een subjected 
to tlie same conditions and had been sell-f(.»rtilised 
during tlie .s(‘V(ai jinndou.s generations, did not effect 
the least good ; for the. intercrossed grandcliildren were 
a(*tniilly shorter than the self-fertiliscal grand children, 
in tin* ratio of JOU to lUT. ‘AVc ln*rc^ see that the 
in<‘re act of <*n»ssing two tlistinct j)iunt.s does not by 
it.sclf bi‘m*lit the offsjwing. This case k almost the 
converse ot‘ tliat in the la.st ])aragraj>lu in wliich tlu‘ 
offs[iring j»roiited so greatly by a cross with a fresh 
stock. A .similar trial was made with the descendants* 
of Hero in the hillowing generation, and with tin* same 
result. Jhit tin* trial cannot be fully trusted, owing 
U» the extH'inely iinh<»althy condition of the j>lants. 
♦Subject to this same serious eau.se of doubt, evtrn a 
erross with a fresh stock di<l in»t henelit the great- 
gramlehildrt*!! of Hero; and if thisw(*n‘ n*ally the case, 
it is the greatest anomaly observed by nn* in all my 
ex[)eriim‘nts. 

( J.) Mimulns hifcua , — I hiring the tluve first genera- 
tions the iiUi'ivrossed plants taken together exceeded 
in height the self-thrtili.sed taken together, in the ratio 
of lOU to (55, and in fertility in a still liigher degree. 
In tin* hmrth gem‘ra.tion a new varir*ty, which grew 
triilh^rand had whiter ami larger flow(*rs than the old 
varieties, hi^gaii to [uevail, i*speeially amongst the seif- 
fertilis<*d plants. IMiis variety transmitted its characters 
with rt'inarkahle fidelity, so that all the plants #n tin* 
latiT^idf-fertilised generations belongt^d to it. These 
conseqiK'iitly exci‘(‘ded the intercrossed plants eiuisider- 
ubly in lieight. Thus in the seventh {^rmeration tin* 
iubircrossiHl^plunts were to the self-fertilised in height 
as loo to 137, It is a more remarkable fact 4hat the 

b2 
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Asoll-frrtilisod jdants of tlit? sixtli {r<‘iu*rution liad In^c^aiie 
iinudi fcrtik* than tin* iiitcrcrosstnl plants, jndpng 

l)y tin* iiinnhrr nf rapsnh*s s]M)iitaiioously imalucod, in 
the ratio of 147 t(» JlKI. This variety, \vlii«*h as we 
liavt* sern a])iH‘ar(*tl anuai^^^t tin* plants of theMonrth 
seif-fertilisrd ♦j:oin‘rati(»n. res«‘inhlos in almost all its 
eoustitiitional peeuliaritirs tin* variety ealhal IT<*ro 
wlii(4i ap}u‘art‘<l iji tin** sixth solf- fertilised generation 
i>f Ipoiiitea. No otln‘r sneli east*, with tin* ]>artial ex- 
ception of that of Xieotiana, oeeiirred in my ex]H*ri-. 
ineiits, carried on during eleven jn ars. 

Two jdants of this variety of ^limulns, belon^inj^ to 
* the sixtli si lf'h rlilised o:t‘nerati(Hi, arnl ^rowiii}^ in 
si'jiarate pots, were int(*rer<»ssed ; and some ilow«‘rs on 
the same j»lants nere aitrain self-fertilised. From the 
s(‘(.*ds thus ohtaim.'d, plants d(*rived from a cross 
h(‘tween tlie self- fertilised jdants. and otli<*rs of tin* 
s(‘V(*nth self-fertilised generation, were raised, lint 
this (Toss did Jiot do tin; i(‘ast ^^mmI, tin* int(‘rer(»ssed 
plants heinir inferior in heio-ht to the self-fertilised, in 
tin* ratio (»f lO(t to IF). This case is (*\a<rtly jairalh*! 
witli that ^'iveii under lj»oiinea, of tin* ^rainh*hildn*n 
of Hero, and aj>[ian*iitly of its ^M’eat-^rainh*Hildren ; 
for the se(*dline^^.s raise«l by int<*ren>ssinu: these ]>lants 
\v(*re not in any way superi(‘>r to those of tin* cor- 
resjiundinjr p‘iH*rution raised from the s(*lf-fertilised 
flow(*rs. Therefonr in these stneral (*a.sos the crossing; 
of plants, which had l)eeii self- fertilised tor s(*verttl 
gem*rations and which had lM*ffn cultivated all the 
time #iider as nearly as possibh* tln^ same conditions, 
was not in the least bencHcial. 

Another (‘X|K*riineiit was now tried. Firstly, plants 
of the ei^lifh self-fertilised gmieration were a^ain 
self fertilised, ]>rodiu*ing plants of the ninth self- 
fertilised generation. Secondly, two of the plants of the 
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self- fertilised generation were intercrossed one 
with another, as in the* (*xperiinent above referred to; 
but this was now f*ff(*eted on plants which bad been 
snbjecttMl to two additional g<*nerations of self-fer- 
tilisation. Thirdly, the same plants of th(j eighth self- 
fertilised generation were erossi*d with pollen from 
plants of a fn‘sh stock brought from a distant garden. 
Numerous j)lants were rais(*d from these tlir(*(j sots of 
S(*eds, and grown in eomp(*tition with one another. 

•Tin* plants ilerived from a cross Ix'.tweim the self-fer- 
tilis<Ml plants excetsltMl in h(‘ig]it by a litth^ tlie self- 
fertilised, viz., as 100 to 02; and in f(*rti]ity in a gnvatiT 
degna*, viz., as 100 to Tib* 1 do not know whether 
this <litlV‘ren(*e in tin* ri*snlt, ctnnpared with that in the 
previous (*ase, can la* ac<*onnted for by tin* iinTeased 
dtderioration of the self-fertilised jdants from two 
additional generations of self-fertilisatirai, and tlie 
eonsei|uent advantage of any (*ross whatever, although 
merely b(‘tw(*(*n the s(^lf-fertilised plants. Ihit however 
this may Im*, the. effects of crossing th(* sf'lf-fertilised 
plants of the (*ighth gein*ratien with a fresh st(»ck wt*re 
<*xtremely striking; for the s(u*dlings thus raisr‘d wen? 
to the self-fertiliseil of the ninth generation as 100 to 
52 in height, and a« 100 to o in fertility ! Tliey were 
also .to the inter<*rossed ]>lants (<hu-ived from crossing 
two of tln^ s(df-f(*rtilis(Ml plants of the eighth generation) 
in height as 100 to 50, and in fertility as 100 to 4. 
Better <?videiieo could Jmrdly be desired of the potent 
influence of a eniss with a fresh stock on plant^ which 
had been self-tV‘rtilised for eight generations, and ha<l 
been cultivated all tlie time under nearly uniform 
conditions, in eomparison with }>lants. self-fer^ilise<l 
fur nin(? generations contimionsly, or then once inter- 
crossc^d, namely in the last generation. 

(3.) Bramca oleracea . — Some flowers on cabbage 
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pliiiits of the soeoiul self-fertilised freiioration, liore 
erosserl with polhMi from a plant of the same variety 
brought from a distant gar<h‘n, and other llowers were 
again self-fertilised. Plants dcTived from a eross with 
a fresh stork and j>lants of th(‘ thinl s(*lf-fertilised 
geiuTJjtion W(*nj thus rais(‘d. The former w<*n* to 
the self-fertilised in weight as KK) to 22; and this 
enormous ditVenaiee must bt‘ attribnt(‘d in j)art to 
th(' l>en(‘fi(*ial elb'ets of a eross with a fresh st(»ek, 
and in jiart to tlu* thderiorating (‘fleets of self-flaiilisa-^ 
tion eontiniRMl during thn*^ grn(‘rations. 

(i.) Iht ris S(*(Mllings from a <u’ims(»n 

Englivsh variidy erossisl by a j)ah‘-eoloun‘d variety 
whieli had be(‘n grown for some ironerations in Algi(*rs, 
were t(» tli(.‘ s(‘]f-fertilisod stM'dlings from the (*rimson 
variety in height as 1()(J to 8!h and as 100 to 7o in 
f(‘rtility. I am snrpris(sl that this eross with anotlier 
vari(dy did mit produce* a still mon* strongly mark(*d 
benetieiul efleet : for some int(*rerossed plants of the 
crimson English variety, juit into competition with 
jdants of the f.anu* variety s<*lf-lcrtilised during three* 
generations, were in h(*ight as lot) to SO, and in 
fertility as jOtt to To. Tin* slitrhtlv gr(*atcr difteremer 
in height in this latter (‘use, may pf>ssibly be attributed 
to the d(‘t(*riorating elVeets of s('lf-fertilisuti<»n carried 
on for tw<» additional generations. 

(o.) Esrharholizia caUfornim , — This plant offers an 
almost nni(pi<‘ cas<% inasmuch as th(> good eflects of 
a cross an* contined to the reproduetives system. 
Iiitercross(‘d and self-flu’tilisod plants of the English 
stock did not difler in h(*ight (nor in weight, as far as 
was nsc(Ttained,) in any c(mstant manner; the self- 
fertilised plants usually having the advantage. So it 
was with the offs[»ring of plants of tln^ lira/ilian stock, 
tried in the same maimer. Tin; panmt-plaiits, however, 
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of tin) Englisli stork i»ro(luced many more seeds when 
fertilised with ])olleu from another plant than when 
self-fertili.s(sl; ami in llrazil the parent-plants were 
ah.S(»]iitelj^' sterile niih‘ss they were fertilised with 
polhiii from anotluT plant. liitererossiMl seedlings, 
raised in Jhigland from the Brazilian stock, compared 
w ith S(*ll-fertilised set^dlings of the coiTes]>onding second 
giMieration, yielded seeds in number as 100 to 80 : both 
lots of plants being left freely ex})osed to the visits of 
insects. If we new turn to tlie effects (tf crossing 
plants of tli<‘ Brazilian stock with j)ollen from the 
English sto<*k."- so that ])Iants which had been long 
exj»osed to very <lilfer(‘nt conditions were intercrossed, 
-we timl that tin* offspring were, as before, inferior in 
heigiit and weight to the plants of the Brazilian stock 
after two gi'iierations of self-fertilisation, but were 
superior to them in tin* most marked manner in the 
numhi-r of seeds j»roduced, namely, as 100 to 40 : both 
lots of plants being left freely I'Xposed to the visits of 
in.sects. 

• 

In tih* case (tf Ipomcea, we hav(* sjj^eii that the 
plants drrivi.'d from a cross with a fresh stock were 
snjuuior in Inaght as 100 to 78, and in fertility as 100 
to ol, to tin* plants of the old stock, although these 
had been iute‘ivross(*d during the last ten gentTations. 
With Es«*lischoltzia we have a nearly parallel case, 
blit only as far as tertility is concerned, for the plants 
ilerived from a cross with a fresh stock were superior 
in fertility in the ratio of 100 to 45 to the Brazilian 
plants, which had been artificially intercrossed in 
England for the two last generations, and which must 
have been naturally intercrossed by insects during all 
previous geu(jrations in Brazil, where otherwise they 
are ipiite sterile. 

(6.) Dianthus caTyophijlluB ^ — Plants self-fertilised 
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for three gfenerations were crossed with pollen from a 
fresh stcK^k, and their offspring were gnnvn in compe- 
tition with plants of the fourth s(df-fertilised genera- 
tion. The crossed plants thus obtained w(*rt^ to the 
self-fertilised in height as 100 to 81, and in fertility 
(both lots being h‘ft to be naturally fertiliscnl by 
insects) as 100 to oil. 

These saint^ crossed plants were also to the off- 
spring from the ])laiitsof th(‘ third s(df-f(‘rtilised gem?- 
ration <*rossed by tlie intercross* ^d ])lants of the cor- 
responding gim<‘ration, in lieight as 100 to 80 , and in 
fertility as 100 to 4 o. 

W(i thus see what a great advantage the offspring 
from a cross with a frc'sh stock had, not only «>vi‘r the 
s(‘Jf-f(‘rtilise<l jdants of the fourth generation, but 
over the <»flspring from the self-fertilised plants of the 
thinl g<*neration, wlien crossed by the interenxsAsed 
plants of the old stock. 

(7.) Fimiu sativum , — It has been shown uialer the 
hearl of this sjiecies, that the several vari(*ti«*s in this 
country alimist invariably h^rtilise themst^lves, owdng 
to insects rarely visiting the flow*^rs; and as the 
plants have beenj<»ng cultivated umler nearly similar 
conditions, we can understand twhy a cross b*‘tween 
two indiYi*luals of the same variety doe.s not do the 
least good to the offspring either in ludght or fertility. 
This case is almost exac^tly parallel witli that of 
-Mimulus, or that of the Ipomcea named Hero; for 
in these two imstances, crossing plants whi(*h had been 
self-fertilised f*)r seven generations did not at all 
beneiit the offspring. On the other haml, a cross 
between two varieties of the pea causes a marked 
superiority in the growth and vigour of the offspring, 
over the self-fertilis(?d ]>iants of the same varieties, 
as shown by two excellent observers. From my own 
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oljseiivatious (not made with great care) the offspring 
from crossed variotic^s were to sell-fertilised plants in 
heiglit, in one case jis 100 to about 75, and in a second 
case as 100 to 60. 

(8.) Lathy run odoratus. — -The sweet -|hmi is in the 
same state in regard to self-fertilisation as the common 
j)ea; and we hav<? seen that seedlings from a Cross 
between two vari(‘ties, wliieh differed in no respect ex- 
<jeptin the colour of their llowers, were to the self-ferti- 
Jis<,wl secidlings from th(‘ same motluT-jdant in height as 
100 to 80; and in theseeond *g<?neration as lOO to 88. 
l."n fortunately I di<l not ascertain whether crossing 
two plants of the same variety failed tt) produce any 
lauielicial (dVect, but 1 venture to predict such would 
be the result. 

(9.) retunia viuheea. — The intercrossed plants of 
the sium^ st(»ck in four out of the live successive gene- 
rations [dainly exciMided in height the self- fertilised 
j)lants. The hitter in tin? fourth generation Avero 
crossed by a fresh stock, and the seedlings thus obtained 
were put into competition with tln‘ solf-fiijtilised plants 
ofthelifth generation. The crossed plants exceeded 
the self-fertilised in lieight in thi^ratio of 100 to 66, 
in weight as UK) to 26; but this difference, 
thoiJj^so great, is not much gnntter than that between 
the int^Tossed plants of th(‘ same stock in comparison 
with the\ seif-fertilise<l jilants of the corresponding 
gencratiotfr This case, thcTefore, seems at first sight 
opposed to the rule that a cross with a fresh stock is 
much more benelicial than a cross between individuals 
of the same stock, ^ut as with Ksehscholtzia, the 
reproductive system Avas liere chiefly benefited; ^for 
the plants raised from tlio cross Avith the fresh stock 
were to the self-fertilised plants in fertility, both lots 
being naturally fertilised, as 100 to 46, Avhereas the 
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intercrossed plants of the same stock wer(3 to the^ self- 
fertiJiscMl plants of the corresponding tifth generation 
in fertility only as 100 to 80. 

Altluaigh at the time of nuuisiireineiit tlp^ ]ilants 
raised from the cross with the fresh stock did not 
exceed in height or weight the intercrosscHl plants of 
the old stock (owing to the growth of the former not 
having been completed, as explained nn<ler the head 
of this sj)ecies), y(‘t tln^y exceeded tin* int(*r(Tossed 
plants in fertility in. the ratio of 100 t(» o4. This fact 
is interesting, as it slmws tliut jilants self-fertilisod 
for four generations and then (!ross(Ml by a fn‘sh stock, 
yielded s(‘edlings which were nearly twice as fertile as 
those from jdaiits of tlie same Hto(*k wlii<‘h had Iwxm 
intercrossed for the iiv(* previous generations. We 
h(Te see, as witli Kschscholtzia and IManthus, that the 
mere act of crossing, imlependeiitly of the state of the 
crossed plants, has little etlicacy in giving iin*r(*ased 
fertility to the olfspring. The same condusiiai holds 
good, as we* have uln ady seem, in tin* analogous ease's of 
lp<anum, Mimulns, and 1 >ianthus, with resp(*ct to heiglit. 

(10.) Nieotiana tahumvi , — My j>lants were remark- 
ably self-fertile, and the capsnh*sfrom tin* s<*lf-ferti list'd 
flowers a{)par<*Titly yiehb*tl more* wt'etls than tliose which 
wt*re cross-fertilised. No insjetJts witc st*en to visit the 
flowers in the hothouse, ainl I suspet't that the sUK*k 
on wliich J exjierinn*ritt*d had betm raised' under glass, 
and had been self-fertilised tluring st^vt'ral jirevious 
gein*rations ; if so, we can uinh'rstainl why, in the course 
of three* gemmations, the crossed seedlings of the same 
stock tlhl ntit uniformly exceed yi ln*ightthe self-ferti- 
lised seeMlIings. ' Ihit the* case is cemiplicatod by indi- 
vidual plantshaving elifterent constitutiems, so tlmt some 
of the^ emossed and self-fertilised seeMlIings raisetl at the 
same time from the same parents liehaved diflerently. 
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However this may bo, plants raised from self-fertilised 
plants of tluj third generation erossed by a slightly 
difierent siib-vari<‘ty, ox(*eeded greatly in height and 
weight the; self-fertilised plants of the fourth genera- 
tion ; ami the trial was made on a large ^ale. They 
eX(M*o<led them in height when grown in pots, and not 
mucli erowdiMl, in the ratio of 100 to 6(5 ; and wh’en 
much erowdf‘d, as 100 to 54. Those crossed plants, when 
thus snbjoetod to severe competition, also exceeded 
the s(df-fertilised in weight in the nitio of IWO to 37. 
So it was, but in a h.‘ss d('greo (as mjiy be seen in 
Table (/), wln n the two lots were grown out of doors 
and not subject(‘d to any mutual competition. Never- 
theless, strange us is the fact, the flowers on the 
inother-[»lants of the third selWertilised generation 
did not yi(‘l<l more seed when th(»y were crossed with 
pi»llen from plants of the fresh sh>ck than wLen they 
were 8i‘lf-fertilist*d. 

(11.) AniUjallis collina , — Plants raised from a red 
variety crossed by another plant of the sanm variety, 
weni in height to the self-fertilised plants from the 
red variety as 100 to 73. AVhen the flowers on the 
red variety wen^ hTtilised with pollen from a closely 
similar blue-flower(‘d variety, thf*y yielded double the 
number of stands to what ,tlu>y did when crossed by 
pollen from another individual of the same red variety, 
and th(‘ steeds were much liner. The plants raised 
from this cross between tin' two varieties were to the 
self-fertilised setHilings from the red variety, in height 
as 100 to^ 66, and in fertility as 100 to 6. 

(12.) Primula vert's . — Some flowers on long-styled 
plants of the third illegitimate generation were legitp 
inattdy crossed with pollen from a fresh stock, ami 
others were fertilised with their own pollen. From 
the seeds thus produced crossed plants, and self- 
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fertilis(Hl plants of the foiirtli illegitimate gen;*ration, 
wore raise<l. The former were to the latter in 
height as 100 to 40, anil in fertility ilnring one 
yearns 100 to o, and as 100 to 3*0 dnrinjg the next 
year. In l^liis ease, however, we have no means of 
distinguishing betwe en the evil efieets of illegitimate 
feVtilisation conliniKMl during four generations (tliat is, 
by ])ollen of the same form, but taken from a distinct 
plant ) and strict self-fertilisation, lint it is probable 
.that thi^e two ])rocesses do not difter so essentially as 
at lirst ap])ears to be the ease. In the following ex- 
jjeriment any doubt arising from illegitimate fertilisa- 
tion was eoinpletely eliminated. 

(13.) PrivniJa veris. (Kijual-styled, led-flowcred 
variety). — Flowers on jdants of thi^ sei^ond S(df-ft‘rtilised 
generation were er(»ssed with pollen from a distinct ^ 
vari(.*ty or fresh stock, and others were again self- 
fertilis(‘d. Cross(*d plants and jJants of the third self- 
fertilised generation, all of legitimate origin, were 
thus raised ; and the former was to the latter in height 
as 100 to HJ), and in fertility (as judged by tin* number 
of ca])Sulesprodu(*ed, togethc'r with the average number 
of seeds) as 100 to 11. 

Hummary of the Measure^muts in Table C, — This 
table includes tin? height^ and often the weights of 
202 plants derived from a cross with a fresh stock, 
and of 303 plants, cither of self-fertilised origin, or 
derived from an intercross between plants of the same 
stock. Tliesi*. 597 plants bt^long to thirteen spt^ch^s^ 
and twelve genera. The various precautions whioJh 
were taken to ensure a fair comjmrison have already 
If eon stated. If w(‘ now look down the right-haVid 
column, in which the mean height, widglit, and 
fertility of the jilants derivtHl from a cross with 
a fresh stock are represented by 1(X), wo shall see 
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by tho^otlier figures how wonderfully superior they 
are b<jth To the self-fertilised aud Jto the intercrossed 
plants of the same stock. With rosj>ect to height and 
weiglit, there are only two exceptions to the rule, 
namely, with Kschsclioltzia and IVtunia, aud the 
latter is })ri»ba)dy no real excejition. Xor do these 
two speci(\s ollV‘r an exc(;i»ti(m in regard to fertilif\> 
for tile jilants deriv(‘d from the <*ross with a fresh stock 
wen* Juucli more h'rtile than the s(‘lf-ferti list'd ]dants. 
The diilereiice between the two sets of })lants in the 
tabh^ is gt'iierally much greater in fertility than in 
height or weight, (hi tin' t»ther hand,* with some of 
till' species, as with NictUiana, then' was no tlillert'nct' 
in fertility between tln^ two sets, altlnmgli a great dif- 
ferenct* in height aud wt'ight. (Nmsid(*ring all the 
cast's in this table, tht*rt‘ can bt* no tloulu that plants 
jirotit immensely, though in difit ivnt ways, hy a cross 
with a frt'sli stt)ck tir with a tlistinct snl)-vari(‘tv. It 
canut)t be maintaiiu'tl that tht' beni'fit thus dt'rived is 
dut' mert'ly to tin* plants of the fresh sttjck being per- 
fectly lu'allhy, whilst those which had heeiijong inter- 
crosst'tl t»r self-fertilised ha<l bect)me nnhealtliy ; for in 
most ejujfs thert^ was no a|>])earant‘t^ t»l* sueh iinliealthi- 
ness, and wt* sliall set' i^utlcr Table A tliat tln^ inter- 
ertwst'd [tlants of the same stock arc gt'ut'rally superior 
to a ct'itain exti'iit to the s('lf-fertilist*d, — both lots 
having boi'ii subjected to exactly the same conditions 
and bt'ing etpially healthy ov unhealthy. 

We further learn from Table 0, that a cross between 
"]»lants that have lieen self-fertilised during several 
successive generations and k(?pt all the time under 
nearly uniform ct»nd it ions, does not benefit thcotTspring 
iu the least or only in a very slight degree. Mimulus 
and the descendants of Ipomma named Hero oflV'i* 
instances of this rule. Again, plants self-fertilised 
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ilnring soveral goiioratioiis profit only to a sinaU oxtent 
by a cross witli intercrossed plants of tlie s/une stock 
(as in the case of Dianthns), in comparison with the 
eftects of a cross by a fn'sh stock. Plants of tln^ same 
stock intercrossed during several g('neratibns (as with 
Petunia) were interior in a marked manner in fertility 
to those derived from the corresponding sidldertilised 
])lants crossed by a fresh sti»ek. Lastly, certain plants 
w’hicli are r(‘gularly intercross(*d Ijy insects in a state 
of natuK.^ an<l wliicli were artificially crossed in ea(*li 
succ(‘<Mling gent'vatioii in the course of my exp(‘ri- 
ments, so that tln^y am never or most rarely liave 
sufiered any evil from s(dfdertilisatiou (as with Ls<*h- 
scholtzia and l])onKeak nevertlu^less jn’otiti^l greatly 
by a cross witli a iVesli sto^ k. Idlest* severiil cases 
taken tog(*ther sIkov us in thf* <*jean‘st inanmT that it 
is not till* mer<? eriKsing of any two Jiulivitlnals wdiitth 
is beneficial te th<‘ ofispring. Tlie btaietit thus thaavtul 
depfuids on the j»lants whndi art* iinitt‘d tlilVering in some 
manner, and there <*a,n Jianlly he a doubt that it is 
in the constitution or nature o!' the sexual eiennmts. 
Anyhow', it is et^rtaio tliat the tlilfen^nrrs art' not of an 
extt'rnal natnn*, for two jilants which n'semUt* eaeli 
other as elusc-ly us the indivitlnals <»f the snint* spt'cies 
ev(*r do, jirofit in lht‘ plainest nianm r wh<‘n inter- 
crossed, if their }>rogt*nitors havt? b<*(‘n exjiosetl during 
several generations todillerent conditions. Put to this 
latter suhj<;ct 1 siiall liavtj to recur in a fnturt^ eliapb^r. 

Taulk a. 

We will HOW' turn to our first tahlo, which re- 
lates to (!rossetl and self-fertilisetl jilauts of thti sumo 
stock. Tli(\se consist of fifty-ftuir species hclongiug to 
thirty natural ortlers. Phe total number of crossfid 
plants of which measurements are given is 70(5, and 
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of self-fertilised plants 80!); that is altogether 1,605 
plants.* Some of the sj)eeios were experimented on 
during sevcual successive generations ; and it should 
he borne in mind that in such cases the crossed plants 
in each *gcnerati()n were crossed with, pollen from 
anotlnn* crossed jilant, ami the How(*rs on the self- 
fertilised jdaiits were almost always hu’tilised with 
their own pollen, tliough sometimes with pollen from 
oth(‘r tlowtu's on the same {'hint. The crossed jdants thus 
U^came more or h*ss clostdy iut(‘r-relate<l iu the later 
generations; and both lots were subj<.‘cted in ea(di ge- 
nerathin to almost absolutely the same conditions, and 
to nearly the same comlitiims in tht^ successive gene- 
ratums. It would havt^ been a better ]>lan in some re- 
spects if I had alwayscros.sed some tlow(Ts either on the 
self-fertilis(Ml or int(*rcrossed jdants of each generation 
witli jjollou from a uon-related ]>lant, grown under dif- 
ferent eomiitioii as was <lone with the plants in Table 
C; for l‘v this ro ‘edure 1 should havt* learnt how much 
the oiVspring lu'came detmiorated through continued 
•f‘lf-fertili.sa:’on in tin*, suecu-ssivt^ geiK'rations. As the 
cds(^ stands, ilie self-f(?rtilis(Ml plants of tTio successivo 
generations Tal>h A wer<» put into com]K‘tition with 
and comp:o-“d with mtererossed plants, which wore 
prol)ahly deierioiated in some degree l»y being more 
or less inl<U“rc]at(.‘d and grown umler similar conditions. 
Nevmtiudess, had I always followed the jilaii in Table 
C, 1 should not have discovered tln3 important fact 
that, although a cnKss ladwecn plants which are ratlier 
closely related and which had licen subjected to 
clos(dy*similar eomlitious, gives during several genera- 
tions some advantage to the oftspring, y<^t that after a 
time they may ho intcu’crossed with no advantage wliat- 
ever to the oftspring. Nor should 1 have learnt that 
the self-fertilised })lauts of the.later generations might 
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be crossed with iiit(*rcrosse(l plants of the same stock 
with little or no iidvuntajre, althoufth they prolited to 
an extraordinary di\irrot* by a <toss witli a fresh stock. 

With respect to the ^n'ater number of th(* jdants 
in Tabh^ A, uothiiij:^ special iummI here said ; full 
particulars may be found under llio head of each 
species by the aid of the Index. The in the 

right-haml eoluinu sliow the mean height of the self- 
fertilised plants, that of the (‘rossed })hint.s witli which 
they eoiup‘ted being rcpr« seated l>y 100. No notice 
is here taken of th(‘ few cases in which crossed and 
self-fertilised plants were grown in tlie ojkui ground, 
so as not to (*oinpt*te together. 'J’hr* table includes, 
as wc‘ have st en, plants belonging b»^ifty-four sp<‘cies, 
but as some of tla‘se w»*re nH'asurt*rl during several 
sueeessive generations, then* are eighty-thn.‘(? eas(*8 in 
which crossed and self-fertilised jdants w(‘re compared. 
As iji each generation tin* mimber of }>hmts which 
were measured (giv(»n in the table) was never v<*ry large 
ami sometimes small, whenever in the right-hand 
C(dumn the mean height of tli(*e‘rossed and selWeitSi.sHl 
plants is the same within liv<* pc*r e(*nt., th<*ir heights 
may be considered as jinietieully er|ual. ( )f such eases, 
that is, <d’ self-fertilised jdants <d’ which the mean 
height is exjirosse<l by figures between Oo ami 105, 
there arc eighteen, either in .some one f^r all the gene- 
rathms. Tlfen* are <*ight eases in which the .«elf- 
fertilised jdants ex(*(*ed the crossed by above fiv<* per 
cent., as shown by the1igun*s in the right-hand (sduinn 
being alsne 105,« lAastly, there are lifty-s<*ven cases 
in which tin? (»nis.sed jdants exeecsl tlte self-fertilised in 
a ratio of at least lOO to 05, and generally in a much 
higlier degree. 

If the relative heights of the crossed ami self-f(»rtilised 
plants had been due to mere chance*, there would have 
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been^ about os many cases of self-fertilised plants 
exceeding the crossed in Iieiglit by above five per cent, 
as of the crossed thus exceeding the self-fertilised ; but 
we see that of the latter there are fifty-seven cases^ and 
of the loriner only eight cases ; so thal^ the eases in 
which the crossed plants exceed in height the self- 
fertilised in the above ])roporiion are more than sfeven 
times as uunKU'ous as those in which the self-fertilised 
exceed the crosstnl in tike same j>roportion. For our 
special purpose of comparing the powtu-s ^}f growth 
of eross(‘d and s<‘lf-fertilisi‘d j)lants, it may be said 
that in fifty-seven cases the crossed plants exceeded 
the self-fertilised by more than iive per cent., and that 
in tw’(!nty-six easifs (18 + 8; they did not thus exceed 
them, lint w e shall now show that in several of these 
twenty-six cases the crossed plants had a decided ad- 
vantage over the self-fertilised in other respects, though 
not in height ; that in other cases the mean heights 
are not trustworthy, <iwing to too few plants having 
be(?n measured, or to their having grown unequally 
from 4#(*ing unhealthy, or to both caus^*s combined. 
Nevcu’theless, as thi*se cases are opposed to my general 
conclusion I have felt Ujund to give .them. Lastly, the 
cause of the crossed jjants having no advantage over 
the self-fertilised can bo explained in some other cases. 
Thus a very small residue is left in which the self- 
I'ertiliscd idants appt‘ar, as fur as my experiments 
serve, to be really ekpial or superior to the crossed 
plants. 

We will now consider in some little detail the eigh- 
teen cases in which the self-fertilised plants equalled 
in average htdght the iTossed plants within five per 
cent. ; and the eight cases in which the self-fertilised 
plants exceeded in average height the crossed plants 
by above five per cent. ; making altogether twenty-six 

T 
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oases in which the crossed plants wore not taller than 
the self-fertilised plants in any marked de«:ree.' 

(1.) Diimthns oiryoplnflluB (third genf rat ioh). — This plant was 
exixirimentod on during four generations, in tlircc of wliich the 
crossed plants e^cec'ded in height the self-fertilised generally by 
much more than five i)er cent. ; ainl Ave Imve sevn under Table 
C thrd the offspring from the plants of the tliinl s( If- fertilised 
generation crossed by a fresh stock ]>rofited in heiglit and fer- 
tility to an extraordinary degree. lUit in this tliird generation 
the crossed plants of llie same stock wore in height to the self- 
fertilised oiwy as 100 to DO, that is, tVuiV were practically c<|ual. 
Kevertheless, when the eight crossed and eight self- fertilised 
plants were cut down and weighed, the fornu'r W(‘re to the hitter 
in weight as 100 to 11) I Then? can therefore be not the least 
doubt that the crossed ])lants of this sjiecies are gn^atly superior 
in vigour and luxuriance to the self-fertilised ; and what Avas tlic 
cause of the self-fertilised plants of the tliird generation, though 
so light and thin, groAviiig up so as almost to e(pial the crossed 
ill height, I cannot ex])lain. 

(2.) Lohvliafoigtm (first gnin'otion). — Tlio crossed jOants of 
this generation Avorc much iiif<‘rior in height to the self-fertilised, 
ill the proportion of 1(KJ to 127. Although only tAvo ]»airs Avore. 
measured, Avhieli is obviously much too few to Ihi trusted, 
yet from other evidence giA'eii uiuler the liead of this sjH'cies, 
it is ciTtain that the self-fertilised ])lants Avirc very much 
more vigorous tlian the crossed. As I used ]K)llen of unerjual 
maturity for crossing and self-fertilising the parent-plants, it is 
jyj.ssible that the great difference in the groAvth of their offspring 
may haAC licen due to this cause. In the lu^xt giaieratiou this 
source of error Avas avoided, and’ many more plants were raised, 
and now the average lieight of the tAventy-tliref* er(».ss(*d plants 
Avas to that of the twenty-three self-fertilised jilants as 100 to 01. 
W'e can tlierefore hardly doubt that a cross is l»enoficial to this 
species. 

(3.) Pitmiia violitcea (third f/oitratinn), — Eight crossed plants ' 
AA^erc to eight self-fertilised of tlio third generation fli aA'crago 
lieight as 100 to 131; and at an early age the crossed AA’cro 
inferior even in a still higher degree. Lut it is a remarkablo 
fact that in one pot in Avliich plants of both lots grew extremely 
crowded, the crossed wore thrice as tall as the self-fertilised. As 
in the two preceding and tw^o succeeding generations, as well as 
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with jiilants raised by a cross with a fresh 'stock, tlie crossed 
Kreatly^xceedcd the sclf-fertiJised in height, weight, and fertility 
(wlien these two latter jKiiiits were attended to), the present case 
must l)e looked at as an anomaly not affecting the general rule. 
The most; probable exi)lanation is tliat the seeds from which 
the self- fertilised j>laiita of tlie third generation were raised 
Were not well ripened ; for I have observed an analogous case 
with Iberis. Self-fertilised seedlings of this latter plant, which 
were known to have l>ceii produced from seeds not well matured, 
grew from tins first much more <juickly than the crossed plants, 
which were raised from better matured seeds; so^that having 
thus once got a grcAt start they were enabled ever afterwards to 
rebiin their advantage. Some of these same seeds of the Il.>eris 
were sown on the o])posite sides of pots iilhid with burnt earth 
and pure sand, not containing any organic matter; and now tlui 
young crossed seedlings grew during their short life to double 
tin.' height of tlie self-fertilised, in the same manner as Oi^eurred 
with the above two sets of sec‘diingsof retunia which were much 
crowded and thus exiK)sed to very unfiivourablo conditions. AVe 
hav(' seen also in the eighth generation of Ipomcea that sclt- 
fertilised seedlings raised fr<)m unhealthy ]mrents grew at tirst 
Yc;ry much more quickly than the crossed seedlings, so that they 
wt‘re for a long time much talh r, though ultimately beaten by 
tliein. • 

(4, r,, G.) schoHzin calf/omica, — Four sots of measure- 
ments are given in Table A. In one of these the crossed plants 
cxcee«l the sidf- fertilised in average height, so that this is not 
one of tlie exceptions here to l>e considered. In two other 
i‘ases the crosseil equalleif the self-fertilised in lieight within five 
p(‘r cent.; and in the fourth cuisc the self- fertilised exceeded the 
crossed hy above this limit. We Jiave sihjii in Table C that the 
whole advantage of a cross hy a fresh stock is cojifined to ferti- 
lity, and so it was with the intercrossed plants of the same stock 
comimrtMl with the self-fertilised, for tiio former were in fertility 
to latter as 1(K) to vSl). The intercrossed plants thus have at 
least oiK^imiKirtant advantage over the self-fertilised. Moreover, 
the flowers on the parent-])lants when fertilised with pollen from 
another individual of tlie same stock yield far more seeds than 
when self-fertilised ; the flowers in this latter case being often 
quite sterile. We may therefore conclude that a cross does some 
good, though it docs not give to the crossed seedlings increased 
ix)wer8 of growth. 
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(7.) Viscaria ovKhtfa^^—Uho averape hoiplit of the fifteen, inter- 
crossed plants to that of fho fifteen self-ft^rtilised plants \Vas only 
as 1(X) to 97 ; bnt the former produced many more ca])sules tlian 
the latter, in the ratio of 100 to 77. Moreover, the flowers on the 
imrt'nt-plants which were crossiul and self-fertilised, vioMed seeds 
on one occasion in the pro]>ortion of 100 to 88, and on a second 
occasion In the proportion of 100 to 58. So that there can l>e 
no doubt about the beneficial effocts of a cross, althonpli the 
mean lieight of the crossed ])lauts w^as only tliree per c(;nt. alxivo 
that of the self-ferfili.sed plants. 

(8.) Sjteciiltn'ia ftfievulittu , — Only the four tallest of the crossed 
and the four tallest of the self-fertilised ]dants, growing in four 
l)ots, were measured ; and the former were to the latter in height 
as 100 to 98. In all four ]Kits a crossed ])laiit flowered In^fore 
any one of the self- fertilised plants, and this is usually a safe 
indication of some real su])crioriTy in the crossed iilants. The 
flowers on the parent-plants which were cros.sed with ])oll(‘n from 
another plant yhjlded sc(‘ds compared with the siflf-fertilised 
flowers in the ratio of l^M.) to 72. We may therefore draw the 
same conclusion as in tlic last case with respect to a t*r()s8 being* 
decidedly beneficial. 

(9.) HmxKjo ojfficiiiftUs. — Only four crossed and four self- 
fertilised plants were raised and nnuisured, and the former were 
to the latter in height as 1U() to 102. So small a iiumlK*r of 
measurements flight never to be trusted; and in tlic present in- 
stanc^j the advantage of theself-fertilised over tlm crossed plants 
deiHJudecl almost entirely on one of the self-fcrtilis*,Ml ])lants 
having grown to an unusual heiglit. All four crtissed plants 
flowered before their scjlf-ftrtilised ‘ t>pponents. The enjss- 
fertilised flowers on the parent-plants in comparison u-^th the 
self-fertilised flowers yielded seeds in the i>roportion of lOO to GO. 
So that here again we may draw the sunie conclusion as in the 
two last cases. 

(10.) Pamjlora Only two cnxssed and two self- 

fertilised plants were liaised ; and tlie former were to the latter in 
height 118 1(X) to 104. On the other hand, fruits from t[io cross- 
fertilised flowers on the parent-plants contained seeds in number, 
compared with those from the self-fertilised flowers, in the pro- 
portion of TOO to 85. 

(11.) /^haseoluft muLtifloru», — The five crossed plants were to 
the five self-fertilised in height as 100 to 90. Although the 
crossed plants were thus only four per cent, taller than the 
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fertilised, they flowered in both jx)ts before them. It is 
therefore probable that they had some real advantage over the 
self.ffTtilisod plants. 

(12.) Adouin amtu^dlis ^ — The four crossed plants were almost 
exactly o^jiial in height to the four self-fertilised plants, but as 
so few j)Iaiits were measured, and as these wete all miserably 
Hiihoalthy/ nothing can lie inferred with safety with respect to 
their r«‘lative heights. • 

(Jd.) Jiarfonta aur&t . — The eight crossed plants were to the 
eight self-fertilised in height as ](K) to 107. This number of 
plants, considering the care with wliich they were raised and 
compared, ought to have given a tmstwortliy result. But from 
fiorne \uikiiown cause tliey grew very unequally, and they be- 
came so nnliealtliy tluit only three of the crosse<l and three 
of the self.fertilised jilants sot any seeds, and these few in 
munlier. Under tln^st* circninstanci^ the mean height of neither 
lot can he trust(id, and tlie experiment is valueless. The cross- 
fertilised flowers on the parent-plants yielded rather more seeds 
than tlio self-fedilised flowers. 

(II.) Thuiilieffilii six crossed plants were to the 

SIX self-fertilised in liciplif as 100 to 108. Here the self-fertilised 
plants seem to have a dociiled advantage; bnt both lots grew 
uiic<inaliy, some ot the plants in Iwth being more than twice as 
tall as others. The jiarent-plants also were in an odd seiai- 
sterilo eoiidition. Under these circnni.stance.s tjje snperiority of 
till! si‘lf-fcrtili.sod plants cannot Ih' fully truskid. 

(In.) — The five ci-ossed plants were to the five 

self-fertilised in height as 1(K) to 105; so tliat the latter seem 
hero to have a small Imt’deeiilwl advantage. On the other hand, 
the tlowers on the parent-plants which were cross-fertilised 
produced very many more eai>.sule8than the self-fertilised flowers, 
in the ratio ot 1(X) to 21; and the stieds which the former con- 
tained wereheaviijr than an cipial nnmlicr from the self-fertilised 
cajisules in the ratio of 100 to 82. 

(16.) lUhincMs Only four pairs were raised, and the 

crossed# wrere to the self-fertilised in height as 100 to 100. 
Excepting that too few plants were measured, I know of nothing 
else to cause distrust in the result. The cross-fertilised 
flowers on the iwront-plants were, on the other hand, Kjthor 
more productive than the self-fertilised flowers. 

(17.) Apiim pet,me!iuum.—A few plants (number not re- 
corded) derived from flowers liclioved to have boon crossed by 
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insects and a few self-fertilised plants were frrown on the oy^osite 
siiles of four ix)ts. They attained to a ncjirly equal height, the 
crossed. liaTing a very slight advantage. 

(18 ) I o nthUia n n m m ti far (folia . — Twentj’ crossed plants raised 
from the se^nls of perfect flowers were to twenty so?f-f(‘rtilised 
plants, likewise i*aised from the seeds of | erf(‘ct fl(>W(*rs, in height 
as 1(K) to tlih The ex|x?riinent wtis repeated, with tlu' sole 
difference that the ])lants weixj allowed to grow more crowded ; 
and now the twenty-tour talltjst of the cn>ss(*d jilanfs wen.' to 
the twenty-four ttalUst self fertilised plants in height ns IfKl to 
yi, and in weight as 10(1 to 07. Morc'over, a larger numher of the 
crossed than of the solf-fertiIist\l ])]aiits gn^w to a moderate 
height. The abovo-iiu'iitioned twenty crossed ]^lMiits w<‘re also 
gro^ii in eoin|X'tition witli twenty self-fertilised [»hints raised 
from the clo.se(l or eIeistog<*ne flowers, and their heights were as 
ICK) to 91. Therefore had it not t>een for the first trial, in wliioli 
the crrissod plants wer(3 to the self-fertilised in h('ight only as 
100 to 99, this sjMX'ies might have been clnsseil with’ those in 
whieh the crossed j)lnnts exmd the self-fertilisc'd by above five 
]ier cent. On the other haiul, the crf>ssed plants in th(' second 
trial lK)re fewer capsules, and thew contained fewer seeds, than 
did 'the self- fertilised plants, all the capsules having In'cn 
I>roduced by cleistogeiic flower.s. The wliole case tlu'nfore must 
be left doubtful. 

(19.) Pispm Sffliritm (common pea). — Four plants derived from 
a cix)ss lietweeii imlividuals of the same variety were in height 
to four self- fertilised filants l>olonging to the same variety as 100 
to 115. Altliough this cioss did n</ gotsl, we liave seen under 
Table C tliat a cross between distinct varir*ties adds grcmtly to 
the height and vigour of the offspring ; and it was there explained 
that the fjict of a cross between the individuals of the same variety 
not Ixniig beneficial, is almost certainly due to their having lx*en 
self* fertilised for many geiKTations, and in each generation 
grown uTid(T nearly .similar conditions. 

(20, 21, 22.) CV/y/7/a mirsrewirzi, — Plants belonging to three 
generations wei'e observed, and in tdl of three the crowded were 
approxiraatcjly equal to the self-fertilised ; the average height of 
the thirty- four crossed plants being to that of the same number 
of self-fertilised plants as 100 to 101. Therefore the crossed 
plants had no advantage over the self-fertilised ; and it is pro- 
bable that the same explanation here holds g(X)d as in the case 
of Fisum mtivum ; for tlic flowers of tliis Canna are perfectly 
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self-ftg'tile, and were never seen to bo visited by insects in the 
hothouse, so as to he crossed by them. This plant, moreover, 
has been cultivated under glass for several generations in pots, 
and thcreh)re uialer nearly uniform conditions. The capsules 
produced •by the cross-fertilised flowers on the above thirty-four 
crossed ])lants contained more seeds than <fid the capsules 
produced by tlie self-fertilised flowers on the self-fertilised i)lants, 
in the ])roportion of 100 to 85 ; so that in this resiKict crossing 
wtis Iw-iK'ficial. 

(28.) Pri inula fihieuHia , — The offs]iring of plants, some of 
which wer<^ legitimately and others illegitimately fertilised with 
)K)llen from a distinct ]*laiit, were almost exactly of the same 
height as tlmoffsjning of self-fertilistjd ]hints; but the former 
with rare exeepti(»ns flowen d K'foiv the latter. 1 have shown 
in my jiaptT on dimorphic plants that this specties is cornmoiily 
raised in England from self-fertilised seed, and the plants from 
having been cnltivuted in i)ot.s have Ix^en suhjected to nearly 
uniform conditions. Moreover, many of them are now varying 
and changing their character, so as to Ixjcome in a greater or 
les.s degree equal-styled, and in conseriueiice highly self-fertile. 
Tlierefore I believe that the cause of the crossed plants not 
exceeding in height the self -fertilised is the same ns in the two 
ju'evious cases of Piattm sativum and Canna. 

(24, 25, 2b.) yirotiuua tahacum , — Eonr sets of nieasiircnien^s 
w<;re m de; in one, the self-fertilised plants grqp^tly exceeded in 
height the crossed, in two others they were approximately equal 
to the eros.st*d, and in the f(uirtli were beaten by them ; but this 
latter cnsc! does not here concern us. *Tlie individual plants 
differ in constitution, so That the descendants of some profit by 
their jairciPs having been uitercrossed, whilst others do not. 
Taking all three geiierati«ms together, the twenty-seven crossed 
plants wtTo in lieight to the twenty-seven self-fertilised plants as 
lot) to DO. This excess of height in the crossed plants, is so 
small compared with that displayed by the offspring from the 
same mother-j)lantK wlu'u crossed by a slightly different variety, 
that wo# may susj)ect (as explained under Table C) that most of 
the individuals iHilonging to the variety which served as the 
motlier-plants in my exporiiuonts, had acquired a nearly similar 
constitution, so as not to profit by being mutually intercrossed. 

Reviewing these twenty-six cases, in which the 
-crossed plants either do not exceed the self-fertilised 
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by above five per cent, in height, or are inferior to 
them, we may conclude that mneli the greater nnmber 
of the cases do not form real exceptions to the rule, 
— that a cross between two jdants, unless these have 
l)een self-fertilised and exposed ti) nearly the same 
eon<litions for many generations, gives a great 
advantage of some kind to the offs[)ring. Of the 
twenty-six cases, at h^ast two, nanndy, those of Adonis 
and Bartonia, may lie wholly excdnded, as th(‘ trials 
were worthless from the extreme unh(*althin('ss of the 
jdants. In twelve other cases (three trials with Esch- 
scholtzia here included) the crossed plants either were 
superior in height to the s<‘lf-fertilised in all the otluT 
generations excejitiug the one in (juestion, or they 
showed their suj)eriority in some diiVen^nt manner, as 
in weight, fertility, (»r in flowering first; or again, the 
cross-fertilised flowcTs on the inother-jdant were much 
more productive of s(j(?d than the self-fertilis(*d, 

])e(liicting these fourtcfui cases, there remain twelve 
ip which the crossed plants show no well-marked 
advantage over the self-fertilised. On the other hand, 
we have seen that then* are fifty-seven eas('s in which 
the crossed plants exceed the st*lf-fertilis(*d in height 
by at least five per C(*nt., umh gem^rally in a much 
higher degree. But even jn the twelve cas(*a just 
referred to, the want of any advantage on the crossed 
side is far fnnn certain : with Thunbergia the parent- 
plants were in an odd semi-sterile condition, and the 
offspring gnnv very unequally; with Hibiscus and 
Apium much too few ])lants wore raise<l for the lueasure- 
ments to be trusted, and the cross-fertilised flowers of 
Hibiscus produced rather more seed than did the self- 
fertilised ; with Vandellia the crossed plants were a 
little taller and heavier than the self-fertilised, but as 
were less fertile the case must be left doubtful. 
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Last]^, with Pisuin, Primula, the three generations of 
Canna, and the three of Nicotiana (which together 
completcj the twelve cases), a cross between two plants 
certain! did no good or very little good td the off- 
spring ; but we have reason to believe Aat this is the 
result of these plants having been selfdertilised and 
cultivated uiuh^r nearly uniform conditions for several 
generations. The same result followed with the experi- 
mental plants of Iponneaand 31iniulus, and to a certain 
extent with some other species, which hod Been inten- 
tionally tr<?at<*d by me in this manner; yet we know that 
thesd s}>ecies in tindr normal condition profit greatly by 
being inttucrossed. Tliere is, therefore, not a single 
case in Table A which aflV)rds decisive evidence against 
the ruh^ that a cross between plants, the progenitors of 
which have been subjected to somewhat diversified 
conditions, is beneficial to the offspring. This is a 
surprising coiudusion, for from the analogy of domesti- 
cat(»d animals it could not have been anticij)ated, that 
tlie good effects of crossing or the evil effects of self- 
fertilisation would have been perceptilde until the 
plants ha<l been tluis treated for several generations. 

Tile results given in Table A* may be looked at 
nmler allot h<*r point •of view. Hitherto each genera- 
tion has Imhui considered, as a separate case, of which 
therd ar<5 eighty-three ; and this no doubt is the more 
correcit metluxl of comparing the crossed and self- 
fertilisfxl plants. 

But in th(»so cases in which jdants of the same 
species were observed during several generations, a 
general average of their heights in all the generations 
tog(^ther may be made ; and such averages are 
given in Table A ; for instance, under Ipomcea* the 
general average for the plants of all ten generations 
is as 100 for the crossed, to 77 for the self-fertilised 
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plants. This having been done in each case iru which 
more than one generation was raised, it is easy to 
calculate tlie average of the average hciglits of the 
crossed and self-fertilised plants of all the spfjcios 
included in TAble A. It should however be observed 
that as only a few plants of some species, whilst a 
considerable number of others, were measured, the 
value of the moan or average heights of the several 
species is very different. Subject to this source of 
error, it may be wortli while to give the mean of the 
mean heights of the fifty-four species in Table A ; and 
the result is, calling the mean of the moan heights 
of the crossed plants 100, that of the self-f(n‘tilised 
plants is 87. Ihit it is a better plan to divide the 
fifty-four sj)ecies into three groups, as was dom^ with 
the previously given eighty-thnn; cases. The first 
group consists of species of which the mean h(*ight8 
of the self-fertilised plants are within five jier cent, 
of 100; so that the crossed and wdf-fertilised plants 
are approximately equal ; and of such speci<‘s there 
are twelve about which nothing need be said, the 
mean of the mean heights of tlui self-fertilised being 
of course very nearly 100, or exactly 00*58. The 
second groiij) consists of the speci(‘s, thii*ty-seven in 
number, of whicli the mean heights of the crossc^d 
plants exceed that of the self-fertilisc*d plants by 
more than five per cent.; and the mean of their 
mean heights is to that of the self-fertilised plants 
as 100 to 78. The third group consists of the species, 
only five in number, of which the mean heights of 
the self-fertilised plants exceed that of the crossed by 
more than five per cent. ; and here the mean of the 
mean heights of the crossed plants is to that of the 
self-fertilised as. 100 to 109« Therefore if we exclude 
the species which are approximately equal, there are 
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tJiirtji-sevon species in whicli the mean of the mean 
heif^hts of the crossed jdants exceeds that of the self- 
fertilised by twenty -two j)eT cent. ; whereas there are 
only five^speci(?s in which the mean of the mean heights 
of th(» s(df-fertilised ])lants exceeds that the crossed, 
and this only by nine per cent. 

Th(‘ truth of the concJnsiou — that the good effects of 
a cross de[)end on the plants having been subjected 
to dilVerent conditions or to their belonging to differ- 
€uit varieties, in both of which cases they wtfnld almost 
certainly difler somewhat in constitution — is supported 
by a comjiarison of the Tables A and C. The latter 
tal)le giv(‘s tlui results of crossing ])lants with a fresh 
stock (»r with a distinct varudy; and the suptTiority of 
the cr(jss(‘d offspring over the self-fertilised is here 
much num^ gcnieral and much mor(3 strongly marked 
than in Table A, in whicdi plants of the same stock 
were cross(‘d. We have just se<ui that the mean of the 
moan lieights of the crossed plants of the whole fifty- 
four sp(Mdes in Table A is to that of the self-fertilised 
plants as lOU to 87; whereas the nieai^ of the mean 
heights of the ])lants crossed by a fresh stock is to that 
of tlu* self-fertilised in Table C as.lOO to 74. So that 
the crossed plants hmt the self-fertilised plants by 
tliirh^cu per cent, in X^ble A, and by twenty-six per 
cent., or double as much, in Table C, which includes 
the results of a cross by a fresh stock. 

Table B. 

A fe^v words must be added on the weights of 
the crossed plants of the same stcKjk, in comparison 
with the self-fertilised. Eleven cases, are given in 
Table B, relating to eight species. The number of 
plants wdiich were weighed is shown in the two left 
columns, and their relative weights in the right 
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column, that of the crossed plants being tak<?n as 
100. A few other eases have alreaidy been recorded 
in Table C in reference to plants crossed by a fresh 
stock. I regret that more trials of this kind were not 
made, as the evidence of the superiority of the crossed 
over the self-fertilised plants is thus shown in a more 
conclusive manner than by their relative heights. lint 
this plan was not thought of until a rather ]at(‘ period, 
and there were diffieultu^s in the way, as the seeds 
had to be collected when ripe, by whicli time the plants 
had often begun to wither. In only one out of the 
eleven cas(\s in Table 1>, that of Eschseholtzia, do the 
self-fertilised plants exceed the crossed in weight ; and 
we have already seen they are likewise superior to them 
in height, though inferior in fertility, the whoh? ad- 
vantage of a cross being here confined to the ri'pro- 
ductive system. With Vandellia the crossed plants 
were a little heavier, as they were also a little taller 
than the self-fertilistnl ; but as a greater number of 
more productive capsules, were produced by th<‘ cleis- 
togeno flowery on the self-fertilised plants than by 
those on the crossed plants, the case must be left, as 
remarked under Table A, altogether doubtful. The 
crossed and self- forti Used ollspiviig from a partially 
self-sterile plant of Beseda odo^ata W(ire almost equal 
in weight, though not in height. Jn the remaining 
eight cases, the crossed plants show a wonderful 
superiority over the self-fertilised, being more than 
double their weight, except in one case, and here 
the ratio is as high as 100 to 07.. The results thus 
deduced from the weights of the plants confirm in a 
striking manner the former evidence of the beneficial 
effects of a cross between two plants of the same stock ; 
and in thp few cases in which plants derived from a 
cross with a fresh stock were weighed, the results are 
similar or even more striking. 
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CHAPTEE VIII. 

DlPFERENfK HKTWKKN CjtOSSKD AND SeLF-FERT1LT8ED PlANTS IN 
Constitutional Vigour and in other respects. 

(ireater constitutional vij^our of croastMl plants— The ejects of f^reat 
crowdiuj^ — (Joiupctitiou with other kinds of plants— Self-fertilised 
plants more liable to piemature death — Crossed plants generally 
flower before the self-fertilised— Negative eflects of intercrossing 
flowers on tlie same plant — Cases desciihed — Transmission (if the 
good (‘fleets of a cross to later generations— Effects of crossing 
plants of clos<dy r(.*laicd parentage — Uniform colour of the flowers 
oil plants self-fertilised during several generations and cultivated 
under siuiilar (conditions. 

Greattr constitutioml Vigour of crossed Plants , — As in 
almost all my exjieriuK^iits an equal number of crossed 
and self-fertilised seeds, or more commonly seedlings 
just to sprout, were j)lanted on the oppo- 

site sides of the same pots, they had to compete 
with one another ; and the greater ^height, weight, and 
fertility of the erosj^d jilants may be attributed to 
their possessing greater iiiiiato coiistitutioiial vigour. 
Generally the jdaiits of tlie two lots whilst very young 
were of equal height; but afterwards the crossed 
gained iiisousibly on their opponents, and this shows 
that they possessed some inherent superiority, though 
not di|played at a very early period of life. There 
were, however, some conspicuous exceptions to the 
rule of the two lots being at first equal in height ; thus 
the crossed, seedlings of the broom {Sarothamntis 
seoparius) when under three inches in height were more 
than twice as tall as the self-fertilised plants. 
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After the crossed or ^he self-fertilised ])linits had 
once grown decidedly taller than their opponents, a 
still ihcreasing advantag*? would teinl to lollow 
from the stronger plants robbing the wealvi‘r ones 
of nourishmeiit and overshadowing them. This was 
evidently the case with the crossed plants of tri~ 

color*^ which ultimately quite overwhelmerl tlie s(‘lf- 
fertilised. Diit that the (Tossed plants hav(^ an inhenait 
superiority, iiidiqamdcmtly of comp(‘titi(»n, was s«)me- 
timos well shown when both lots were plantial 
separately, not far distant from one aiiotlnu', in good 
soil in the opcni gronnd. This was lik(^wis(* shown in 
several cases, even with plants growing in clos(» conquv 
titioii with one another, by one of the self-f(*rtilis(Ml 
plants exceeding for a time its crossed op})on(mt, which 
had been injun^d by some accident or was at first 
sickly, but being ultimately comju(*r(‘d by it. Tin* 
plants of the eighth g(nu*ration of Ij)om(ea w(‘n‘ rais(Ml 
from small seeds i^rodnced by unhealthy pan*nts, and 
the self-fertilised jdants grew at first very raj)idly. 
so that wh(*n the plants of lK)th lots \v(‘re about thiw 
feet in height, the mean height of tln^ crosscnl to that 
of the selt-fertilisc^d was as 100 to 122; when they 
were about six feet high the two,, lots Avere v(‘rv n(*arly 
equal, but ultimately when between eight and nine feet 
in height, the cT 06 s<*d plants ussfTted their usual 
superiority, and w'<3re to the self-fertilised in height as 
100 to 85. 

The constitutional superiority of the crossed over the 
self-fertilised plants was proved in another way. in the 
third generation of Mimulus, by self-fertilised seeds 
being sown on one side of a pot, and after a certain 
interval of time crossed seeds on the opposite side. The 
self-fertilised seedlings thus had (for I ascertained that 
the seeds germinated simultaneously) a clear advantage 
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over the crossed in the start for the race. Nevertheless 
tlioyVere easily beaten (aS may be seen under the 
head of 3riraulus) wlien the crossed seeds were sown 
two whole days alter the self-fertilised. Jlut when tJie 
interval nvas four days, the two lots were nearly equal 
throughout life. Even in this latter case the crossed 
plants still possessed an inherent advantage, for ^after 
botli lots had grown to their full height they were 
cut down, and without being disturbed were transferred 
to a larger pot, and when in the ensuing year they 
had again grown to tlndr full height they were 
measured ; and now the tallest crossed plants were to 
tlie tall(‘st self-fertilised plants in height as 100 to 75, 
and in fertility (i.o., by weight of seeds produced by an 
e(|ual number of ca])siiles from both lots) as 100 to 34. 

Sly usual method of proc^eeding, namely, to plant 
several }»airs of crossed and self-fertilised seeds in an 
(‘quul state' of germination on tlui o])posite sides of the 
sarnie j)ots, so that the plants were subjected to 
moderat(*ly severe mutual competition, was I think 
the best tfiat could have been followed, and uas a fafir 
test of u hat occurs in a state of nature. For plants 
sown by nature generally come up crowded, and are 
almost always exposed to very ‘severe competition 
with one another and'with other kinds of plants. This 
latter consideration led me to make some trials, chiefly 
but not exclusively with Ipomcea and Mimulus, by 
sowing crossed and self-fertilised seeds on the opposite 
sides of large pots in which other plants had long been 
growing, or in the midst of other plants out of doors. 
The seedlings were thus subjected to very severe 
competition with plants of other kinds; and in all 
such cases, the crossed seedlings exhibited a great 
superiority in their power of growth over the self- 
fertilised. 
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After the germinating seedlings had been planted 
in pairs on the opposite sides of sevx'ral j)ots, the 
remaining seeds, whether or not in a state of germina- 
tion, were in most cases sown very tliickly on the two 
sides of an additional large pot ; so that the seedlings 
came up extremely crowded, and were subjected to 
extremely severe competition and unfavourable condi- 
tions. In such calces the crossed plants almost invari- 
ably showed a greater superiority over the self-fertilised, 
than dill the plants which grew in pairs in the pots. 

Sometimes crossed and self-fertilised seeds were 
sown in separate rows in the op(}n ground, whicli was 
kept clear of weeds; so that the seedlings w(*re not 
subjected to any competition with other kinds of 
plants. Those however in c‘ach row had to struggle 
with the adjoining ones in tlie same row. When fully 
grown, several of the tallest j)laiits in each row were 
selected, ineasurc‘d, and compared. Tlie result was 
in several cases (but not so invariably as might have 
been expected) that the crossed plants did not exceed 
in height the self-fertilised in nearly so great a degree 
as when grown in pairs in tli(3 pots. Thus witli the 
plants of Digitalis, which competed together in i>ots, the 
crossed were to the self-fertilised in hcu'ght as 100 to 
70; whilst those which were growii se])arutely vv(T(* only 
as 100 to 85. Nearly the same result was observed 
with Brassica. With Nicotiana the crossed W(*re to 
the self-fertilised plants in height, when grown 
extremely crowded together in pots, as 100 to 54 ; 
when grown much less crowded in j>ots as 100 to 66, 
and when grown in the open ground, so as to be sub- 
jected to but little competition, as 100 to 72. On the 
other hand with Zea, there was a greater difference in 
height between the crossed and self-ftrtilised plants 
growing out of doors, than Jbetw een the pairs which 
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grew^ in pots in the hothouse; but this may be 
attributed to the self-fertilised plants being more 
tender, so that they suffered more than the crossed, 
when both lots were exposed to a cold and wet summer. 
Lastly, with one out of two series of Reseda odorata, 
grown out of doors in rows, as well as with Beta 
vulgaris, the crossed plants did not atall exceed the*self- 
fertilised in heiglit, or exceeded them liy a mere trifle. 

The innate power of tlie crossed plants to resist 
unfavourable conditions far better than difl the self- 
f(‘rtilised plants, uas shown on two occasions in a 
curious manner, namely, with Iberis and in the third 
generation of Petunia, by the great superiority in 
height of the crossed o\or the self-fertilised seedlings? 
when both sets wert* grown under extremely unfavourable 
conditions; whereas owing to special circumstances 
exactly the reverse oc^eurred witJi the j)lants raised from 
the sam<‘ seeds and grown in pairs in pots. A nearly 
analogous case was observed on two other occasions 
with plants of the first generation of Nicotiami. ^ 

The crossed plants always withstood ,the injurious 
efiects of being suddenly removed into the open air 
after having been kept in the grecjihouse better than 
did the self-fertilisecb On several occasi«)ns they also 
resisted much better cold and intemperate weather. 
T?his was manifestly the case with some crossed and 
self-fertilised jdants of Ipomica, "which were suddenly 
moved from the hothouse to the coldest part of a cool 
greenhouse. The ofispring of plants of the eighth 
self-fertilised generation of Mimulus crossed by a fresh 
stock, survived a frost wdiich killed every single self- 
fertilised and intercrossed plant of the same old stock. 
Nearly the same result followed with some crossed and 
self-fertilised plants of Viola tricolm\ Even the tips 
of the shoots of the crossed plants of Sarothamuus 

u 
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scoparius were not touched by a very severe winter ; 
whereas all the self-fertilised plants were killed half- 
way down to the ground, so that they were not able to 
flower during the next summer. Young crossed 
sec^dlings of \icotiana withstood a cold and wet 
summer much better than the self-fertilised seedlings. 
I haVe met with only one exception to the rule of 
crossed j)lauts being hardier than the s(df-fertilised : 
throe long rows of Eschscholtzia plants, consisting of 
crossed seedlings from a fresh stock, of intercrossed 
seedlings of the same stock, and of self-fertilised ones, 
were left unprotectcid during a sevi^re winter, and all 
perished exec^pt two of the self-fertilised. But this 
case is not so anomalous as it at first appt^ars, for it 
should be renu»mber<Ml that the self-fertilised plants 
of Eschscholtzia always grow talhu' and are hc^avier 
than the crossed ; the whole lamefit of a cross with this 
species being confined to increascfl fertility. 

Indei)eud(mtly of any external cause which could 
be detected, the self-h.‘rtilisod plants were mon? liable 
to premature^ death than w'ere the cpossimI ; and this 
seems to me a curious fact. Whilst the seedlings 
were very young, if , one diial its antagonist was pulled 
U[) and thrown away, and I beli<‘v«» that many more of 
the S(Jf-fertilised died at this early age than (»f the; 
crossed ; but 1 neglected to kcM*]) any record. With 
Bdavuhjark, liowcver; it is certain that a large numlxT 
of tlie self-fertilised seeds perished after giTiuinating 
beneath tln^ ground, whereas the crossed 8(‘ods sown at 
the same time did not thus suffer. AVhen a plant 
died at a somewhat more advanced age the faf;t was 
recorded ; and 1 find in my notes that out of st^voral 
hundred plants, only seven of the crossed died, whilst 
of the self-fertilised at least twenty-nine were thus 
loHt, that is more than four fimTes as many. Mr. (lalton, 
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after examining some of my tables, remarks : ‘‘ It is very 
cviddVit that the columns with the self-fertilised plants 
include the larger number of exceptionally small 
plants ; ” and the frequent presence of such puny plants 
no doub\i stands in close relation with their liability to 
premature death. The self-fertilised plants of Petunia 
completed their growth and began to wither sboner 
tluin did the intercrossed plants; and these latter 
considerably before the offspring from a cross with a 
fresh stock. • 

Feriod of Flotcering, — In some cases, as with Digitalis, 
J Jianthus, and Reseda, a larger number of the crossed 
than of the self-fertilised plants threw' up floweV-stems ; 
but this probably was merely the result of their greater 
power of grow th ; for in the first g(?neration of Lol)el}a 
fuhjem^ in which the self-fertilised plants greatly ex- 
ceeded in height the crossed plants, some of the latter 
failed to throw up llowi»r-stcms. WitJi a large number 
of sp(*eies, the cros.se<l plants exhibited n well-marked 

t<‘nden(‘,v to flower before the self-fertilised ones 

• 

growing in the same pots. It should however be 
n*marki*d that no record was kept of the flowering of 
many of the species; and when a record was kept, 
the flowering of the Ijrst plant in each p(^t w as aloiui 
obsc*rvod, although two or more pairs grew in the same 
pot. I will now give three lists, — one of the species 
in which the flrst ])lant that flowered was a erosscMl 
one, — a sc<?ond in w hieh the first that flowered was a 
self-fertilisixl plant, — and a* third of those which 

flowered at the same time, 

• 

Species, of which the first Plants that fiowevPAl were 
of Crossed Parentage. 

Ipomcca purpurea . — I record in my notes that in all ten genera- 
tions many of the crossed plants flowered before the self- 
fertilised ; but no details were, kept. 
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Mimulus luieus (First Gencratiou). — Ten flowers on the crossed 
iflnnts were fully expanded before one on tlie self-fertVlised. 

Mimitlnsluiens (Second and Third Generation).— In both these 
generations a crossed plant flowered before one of the self- 

. fertilised in all. three pots, 

Mimultis lutnin (iVifth Generation). — In all three pots a crossed 
plant flowered first; yet the self-fertilised plants, which 
belonged to the new bill variety, were in height fo the 
crossed as 120 to 100. 

Miniulna lutcus, — Plants derived from a cross with a fresh stock, 
as well as the intercrossed plants of the old stock, flowered 
before the self- fertilised })lants in nine out of the ten jiots. 

cocci uca. — A crossed plant flowered before any one of the 
self-fertilised in all throe pots. 

Oyifjatiiuu During tAvo successive seasons several 

crossed plants flowered before the self-fertiliseO. 

Jirnssiat oU'ntrea (First Generation).— Ail the crossed plants 
growing in pots and in the open gioniitl flowered first. 

Jiratiska olvracca (Second Generation).— A crossed i)lant in 
three out, of the four pots flowered before any one of the 
self-fertilised, 

Jl)eris umbtUaiu , — In IkiIIi pots a crossed plant floAvered tirsl. 

EscMiultzia cwi/uniica,--Vhin\B domed from the lira/.ilian 
stock crossed by the English stock flowered in five out of 
the nine pots first; in four of tbeiii a sell-fertilised plant 
flowered fifst ; and not in one jiot did an iiitercrosstid plant 
of the old stock floAvor first. 

I'iolft tricolor. — ^A crossed jilant in fn^e out of the six pots 
. floAvered before any one of the self-fertilised. 

Dianthus caryt>phyUm (First Generation). — in two large betls 
of plants, four of the crossed plants floAvered before any one 
of tlie self-fertilised. 

Dtunthm caryophylliia (Second Generation). — In both pots a 
crossed filaiit floAverod first, 

Diantfim caryo2>hyllus (Third Generation). — In three out of 
the lour jiots a crossed plant floAvered first ; yet the crossed 
Avere to the self-fertilised in height only as ICK) to Ji9, but in 
weight as 100 to 49. 

Dianthus caryophyllm . — Plants derived from a cross witli a fresh 
stock, and tlie intercrossed plants of the old stock, both 
flowered before the self-fertilised in nine out of the ten pots. 

Hibiscus africanus . — In three but of the four pots a crossed 
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pj ant flowered before any one of the self-fertilised; yet the 
latter were to the crossed in height as 109 to 100. * 

’ Trc2hrnhnn miunR . — A crossed plant flowered before any one of 
the self-fcrtilis(‘d in throe out of the four pots, and simul- 
taneously in the fourth pot 

Limntwfhfis (hutfjhish'. — A crossed plant flowertifl before any one 
of the self-fertilised in four out of the five pots. 

PhaseoJns inuJtijlorus, — In both pots a crossed plant flenvered 
first. 

Sj^entJaria speatJum , — In all four pots a crossed plant flowered 
first. 

Lohelm rmnom (First Generation). — In all four pots a crossed 
plant flowered l>eforo any one of the self-fertilised. 

L(Mia nnnma (Second Generation). — In all four pots a crossed 
plant flowered some days before any one of the self- * 
fertilised. 

NemophiJa iusif/nts. — In four out of the five pots a (‘Tossed plant 
flowerc^d first. 

Jhmigo oJJirwaJis . — In both ]iots a crossed plant flowered first. 

Petuhia viohicea (Second Gen(jration).— -In all three pots a 
crossed ])lant flowered first. 

Kicofkuia fahaenm . — A plant derived from a cross with a fresh 
stock flowered before any one of the self- fertilised plants of 
the fourth generation, in fifteen out of the sixteen pots. ^ 

Cyclamen persinim. — During two successive seasons a crossed 
plant flowered some weeks before any one of the self-fertilised 
in all four jiots. 

Primula vrris (equal-styled var.). — In *all three pi^ts a crossed 
plant flowered first? • 

Primula sinrnsh, — In all f^ur pots plants deiuvcd from an 
illegitimate cross between distinct plants flowered before 
any one of tlio self-fertilised plants. 

Prhnvla sinemis. — A legitimately crossed plant flowered before 
any one of the self-fertilised plants in seven out of the eight 
pots. 

Fagopfirum esculeutum, — A legitimately crossed plant flowered 
from one to two days before any one of the self-fertilised 
plants in all three pots. 

Zaa mays , — In all four pots a crossed plant flowered first. 

Pht (laris canariensis , — The crossed plants flowered before the 
self-fertilised in the open ground, but simultaneously in the 
pots. 
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lipecies, of which the first Plants that flowered werejif 
‘ Self fertilised Parentage. 

Esch^cJtpltzlu califvrtiica. (First Generation). — The crossed plants 
were at first taller than the self-fertilised, but on their second 
growth diiriiy? tlie following year the self-fertilised exceeded 
the crossed in height, and now they flowered first in tlireci 
oyit of the four pots. 

jAiphim Intern . — Although the crossed jilants were to the self- 
fertilised in height as 100 to 82 ; yet in all three pots the 
self-fertilised jilants flowemi first. 

dhirhia ehyans . — Although the crossed ])Iants were, as in the 
last case, to the self-fertilised in height as 100 to 82, yet in 
the two pots the self-fertilised flowered first. 

LohcUfi /iilfftns (First Generation). — The crossed j)lants wei*e to 
the self-fertilised in lieight only as 100 to 127, and the latter 
flowered much l>ofore the crossed. 

retunia viohicea (Third Generation).-T-Tho crossed plants were 
to the self-fertilised in height as 100 to 131, and in three 
out of the four pots a self-fei*tilised plant flowered first ; in 
the fourth ix)t simultaneously. 

Petunia vlohtcea (Fourth Generation). — AltJiough the crosseni 
plants were to the self-fertilised in height as 1(K) to 69, yet 
in three out of the five pots a self-fertilised plant flowered 
* first; in the fourth pot simultaneously, and only in the fifth 
did a crossed* plant flower first. 

Nicotiana tuhucum (First Generation). — The crossed plants 
were to the self-tertilised in height only as 1(X) to 178, and 
a self-fertilised plant flowered first in all four pots. 

Nicotiatut tahacum (Third Genei*ation).--The crossed plants 
w'erc to the self-fertilised in libight as 1(K) to 101, and in 
four out of the five j>ots a self-fertilised plant flowered first. 

Vunna warscewiezi, — In the three generations taken together the 
crossed were to the self-fertilised in height as 100 to 101 ; in 
the first generation the self-fertilised plants showed some 
^tendency to flower first, and in the third generation they 
flowered first in nine out of the twelve pots. * 

Species in which the Crossed and Self-fertilised Plants 
fotvered almost simultaneously. 

Mimulus lutem (Sixth Generation), — The crossed plants were 
inferior in height and vigour to the self-fertilised plants. 
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all l)eIonp;ocl to the new white-flowered tall variety, 
yet in only half the pots did the self-fertilised plants flower 
first, and in the other half the crossed plants. 

Viscarid oculdUt. —The crossed plants were only a little taller 
than* the self-fertilised (viz., as 100 to 97), but con- 
siderably more fertile, yet both lots lowered almost 
simultaneously. 

JMhyrus odoratm (Second Generation). — Although the crossed 
plants were to the self-fertilised in height as 100 to 88, yet 
there was no marked difference in their period of flowering. 
hoMia fulyn^s (Second Generation).*— Although the crossed 
plants were to the self-fertilised in height as 100 to 91, yet 
they flowered simultaneously. 

JNicotinna iahanum (Third Generation). — Although the crossed 
plants w'ere to the self-fertilised in height as 1(K) to 83, yet 
in half the pots a self-fertilised plant flowered first, and in 
tlie other half a crossed plant. 

These tliree lists include fifty-eight cases, in which 
tlio period of flowering of the crosscul and self-fertilised 
])lants was recorded. In forty-four of them a crossed 
plant flowered first eitlier in a majority of the pots or 
in all ; in nine instances aself-fertilised plant flowered 
first, and in five the two lots flowered syinultaneously. 
One of the most striking cases is that of Cyclamen, in 
which the crossed jdants flowered some weeks before 
the self-fertilised in *ill four pots during two seasons. 
In the second generation of Lobelia ramosa, a crossed 
plant flowered in all four pots some days before any 
one of the self-fi^rtilised. Plants derived from a 
cross wdth a fresh stock generally showed a very 
strongly marked tendency to flower before the self- 
fertilised and the intercrossed plants of the old stock ; 
all three lots growing in the same pots. Thus with 
Mimulus and Dianthus, in only one pot out of ten, and 
in Nicotiana in only one pot out of sixteen, did a self- 
fertilised plant flower before the plants of the two crossed 
kinds,— these latter flowering almost simultaneously. 
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A consideration of the two first lists, espocially of 
’ the seeon<l one, shows that a tendency to flower first is 
generally ('onnected >>'ith greater power of growth, that 
is, with greater height, lint there are some remarkable 
exceptions to #his rule, proving that some otlier cause 
comes into play. Thus the crossed ]dants both of 
Liipinus hitem and Clarhia ehgam wi‘re to the self- 
fertilised plants in height as 100 to 82, and yet the 
hitter flowered first. In the third g(‘neration of Nico- 
tiana, and in all throe generations of Ganna, the 
crossed and solf-fertiliscKl plants w(‘re of nearly ecjiial 
height, yet the self-fertilised t(mded to flower first. 
On the other hand, with Primula sinetm\ plants 
raised from a cross betwwn two distinct individuals, 
whether tlu\se were legitimately or illegitimaOdy 
crossed, flowered before the illegitiniateJy self-fertilised 
plants, although all tlie ]>lants were ()f nearly equal 
h(ught in both cases. So it was with respect to height 
and floweringewith l^haseolus, Specularia, and liorago. 
The crossed plants of Hibiscus were inferior in height 
to the self-fertilised, in the ratio of 1(K) to 109, and yet 
they flowered ‘before the self-fertilised in tlinje out of 
the four jx)ts. On the whole, there can be no doubt 
that the crossed plants exhibit /t tendency to flower 
before the self-fertilised, almost though not quite so 
strongly marked as to grow* to a greater height, to 
weigh more, and to be more fertile. 

A few other cases not included in the above three 
lists deserve notice. In all three ])ots of Viola tricolor ^ 
naturally crossed plants the offspring of crossed plants 
flowered before naturally crossed plants the od'spring 
of self-fertilised plants. Flowers ^on two plants, both of 
self-fertilised parentage, of the sixth generation of 
Mirnulus luteus were intercrossed^ and other flowers on 
the same plants were fertilised with their own pollen ; 
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intercrossed seedlings and seedlings of the seventh 
sclf-^rtilised generation were thus raised, and the 
latter flowered before tlie intercrossed in three out of 
the five ]H)ts. Flowers on a plant both of MimuJuB 
luteus and oi Ipomcea irmyurea were crosjicd with pollen 
from other flowers on the same plant, and other flowers 
were fertilisf^l with their own pollen ; intererdssed 
seedlings of this peculiar kind, ami others strictly self- 
fertilis(‘d Ixung thus raised. In the case of the 
Miiimlus the self-fertilis(Ml plants flowered first in seven 
out of the eight pots, and in the case of the Ipomcea 
in eight out of the ten pots ; so that an intercross 
betweiMi the flowers on the same plant was very far 
from giving to the oftspring thus raised, any advantage 
over the strictly s(df-fertilised plants in their period 
of flowering. 

The Effects of crossing Flowers on the same Plant, 

In the discussion on the results of a crefts with a fresh 
stock, given under 1'able C in the last chapter, it was 
shown that the mere act of crossijig by jtself does no 
good^ but that the advantages thus derived de})end on 
the plants which an? crossed, either consisting of 
distinct vari(*.ties which wdll almost certainly differ 
somewhat in constitution, or on the progenitors of the 
plants whi(ih are crossed, though identical in every 
external character, having b(?en subjected to somewhat 
different conditions and having thus acquired some 
slight difference in constitution. All the flowers 
produced by the same plant have been developed 
from the same seed ; those which expand at the same 
time have been exposed to exactly the same climatic 
influences ; and the stems have all been nourished by 
the same roots. Thcjrqfore in accordance with the con- 
clusion just referred to, no good ought to result from 
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crossing flowers on the same plant.* In opposition to 
this conclusion is the fact that a bud is in one sense 
a distinct individual, and is capable of occasionally or 
even not rarely assuming new external characters, as 
well as new cf/nstitutional peculiarities. Plants raised 
from buds which have thus varied may be propagated 
for a great length of time by grafts, cuttings, &c., and 
sometimes even by seminal generation. f There exist 
also numerous species in which the flowers on the 
same plant differ from one another, — as in the sexual 
organs of monoecious and polygamous plants, — in the 
structure of the circumferential flowers in many Com- 
posite, Umbellif(Ta}, &c., — in the structure of the 
central flower in some plants, — in the two kinds of 
flowers 2)roducod by cleistogene species, — and in 
several otlier sucli cases. These instances clearly 
prove that the flowers on the same 2)lant have often 
varied in(h‘pendontly of one axnother in many im- 
portant respects, such variations having bc^en fixed. 


* It is, howcvbr, possible that 
the 8taTTi(3n8 which rlitler in length 
or constiiiction in the same flower 
may produce fwllrn ditVering in 
iuiture,nnd in this niutimu’a cro.ss 
might be nind«3 effeelive between 
the Bevend flowers on the same 
plant. Mr. Macnab states (in a 
oornmunication to M. Veiiot, * La 
Produetion des Varictes,* 1S05, 
p. 42) that seedlings raised from 
the shorter and longer stamens of 
rhododendron differ in ehaiaeter; 
but the shorter stamens appa- 
rently are becoming nidiiTientuQr, 
and the seedlings arc dwarfs, so 
that the result may he simply due 
to a want of fertilising pt*wer in 
the pollen, as in the ease of tlie 
dwarfed plants of Mirabiiis raised 
by Naudin by the use of too few 
poUeiirgrains. Analogous state- 


ments have boon made with re- 
spect to the stamens of l^largo- 
nimn. W’ith some of the Mcla- 
stomacew, soi'dJings raised by me 
from -flowers fertilised by pollen 
fri>m tlu' shorter stamens, cer- 
tainly diffeix*d in appe arance from 
those raised from the longer sta- 
mens, with diffeieiitly coloured 
anthers ; but here, again, there is 
some niason for believing that the 
shorter stamens are tending to- 
wards abortion. In the very dif- 
ferent case of trimorphio Jictero- 
styled plants, the two sets of sta- 
mens in the same flower have 
widely diflerent ferlilising powers. 

t I have given numerous cases 
of such bud-varidtioas in my * Va- 
riation of Animals and Plants un- 
der Domestication,’ chap, xi 2ii(l 
edit. vul. i. p. 448. 
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like ^hose on distinct plants during the develop- 
ment of sjKicies. 

It was tli(u*efort^ necessary to ascertain by experiment 
what wopld be the eftect of intercrossing flowers oit 
the same plant, in comparison with fertilising them 
with th(ir own pollen or crossing them with pollen 
from a distinct plant. Trials were carefully made on 
five gtaicra belonging to four families; and in only 
one (;as(% namely, Digitalis, did the offspring from a 
cross between th(^ flowers on the same plant receive 
any bemilit, and the benefit here was small compared 
with that deriv(Ml from a cross between distinct plants. 
In the chapter on Fertility, when we consider the 
effects of cross-fertilisation an<l self-fertilisation on the 
productiveness ol* the parent-plants we shall arrive at 
nearly the same result, namely, that a cross between 
th(‘ flowers on the same plant does not at all increase 
the number of the seeds, or only occasionally and to a 
slight degree. I will now give an abstract of the 
results of tln^ five trials whi(‘h were made. , 

(1.) Dif/ififlia purpurea , — Seedlings raised fromintor- 
(»rossed flowers on the same plant, and others from 
flowtu's flu’tilised with their own pollen, were grown in 
the usual manner in (?*)mpetition with on(i another pn 
the, opposite sidt\s of ten pots. In this and the four 
following cases, the derails may be found under the 
head of each species. In tdglit pots, in which the 
plants did not grow mmdi crowded, the flower-stems 
on sixteen inten'rossed plants were in height to those 
on sixteen self-fertilised plants, as 100 to 94. In the 
two other pots in which the plants grew much crowded, 
the flower-stems on nine intercrossed plants were in 
height to those on nine self-fertilised plants, as 100 
to 90. That the intercrossed plants in these twojiatter 
pots had a real advantage over their self-fertilised 
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opponents, was well shown by their relative weights 
when cut down, which was as 100 to 78. The mean 
height of the flower-stems on tlio twenty-live inter- 
crossed plants in the ten pots taken together, was to 
that of the flower-stems on the twenty-live ♦self-ferti- 
lised plants, as 100 to 1)2. Tims the intercrossed 
plaiits were certainly superior to the self-fertilised in 
some degree; but their superiority was small compared 
with that of the offspring from a cross between distinct 
plants over the self-fertilised, this being in the ratio 
of 100 to 70 in height. Nor does this latter ratio 
show at all fairly the great superiority of the plants 
derived from a cross between distinct individuals over 
the self-fertilised, as the former produced more than 
twice as many flow(^r-stcms as the latter, and were 
much less liable to premature death. 

(2.) Iponioea purpurea. — Thirty-one intercrossed plants 
raised from a cross between flowers on the same plants 
were grown in ten pots in competition with the same 
number of self-fertilised plants, and the former were 
to the latter in height as 100 to 105. So that the 
self-fertilised plants were a little taller than the inter- 
crossed ; and in eight out of the ten pots a self-fertilised 
plant flowered before any one of, the crossed plants in 
the same pots. The plants which were not greatly 
crowded in nine of the pots (and tliese offer tlie fairest 
standard of comparison) were cut down and weighed ; 
and the weight of the twenty-seven intercrossed plants 
was to that of the twenty-seven self-fertilisetd as 100 
to 124 ; so that by this test the superiority^ of the 
self-fertilised was strongly marked. To this subject of 
the superiority of the self-fertilised plants in certain 
cases, I shall have to recur in a future chapter. If we 
now ^turn to the offspring from a cross between 
distinct plants when put^ into competition with self- 
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fertilised plants, we find that the mean height of 
seventy-three such crossed plants, in the course of ten 
generations, was to that of the same number of 
self-fertilised plants as 100 to 77 ; and in the case of 
the planti of the tenth generation in weight as 100 to 
44. Thus the contrast between the effects of crossing 
flowers on the same })lant, and of crossing flowerS on 
distinct plants, is wonderfully great. 

(.'5.) MimvJuH luteus. — Twenty-two plants raised by 
crossing flowers on the same plant were grown in 
(competition with the same number of self-fcirtilised 
plants ; and tlie former w ere to the latter in height as 
100 to 105, and in weight as 100 to 103. Moreover, in 
seven tmt of the eight pots a self-fertilised plant 
flow't'rc'd before any of the intercrossed j)lants. 8o that 
here again the self-fertilised exhibit a slight superiority 
over the intercrossed plants. For thcj sake of com- 
paris<.)n, I may add that seedlings raised during three 
geiu*rations from a cross between distinct; plants were 
to the s(‘lf- fertilised plants in heiglit as 100 to 05. 

(4.) Pvlargonmm zonale . — Two plants growing in 
sceparate pots, which had b(?en propagated by cuttings 
from th(‘ same plant, and therefgre formed in fact 
])arts of the same individual, were intercrossed, and 
other flowers on one of these jdants were self-fertilised ; 
but the seedlings obtained by the two processes did 
not differ in hcnglit. When, on the other hand, flowers 
on one of the above plants were crossed with pollen 
taken from a distinct sccedling, and other fl(3wers were 
self-fertilised, the crossed ofl'spring thus obtained w^ere 
to the self-fertilised in height as 100 to 74. 

(5.) Origanum vulgare . — A plant which had been 
long cultivated in my kitchen garden, had spread by 
stolons so as to form a large bed or clump. Seedlings 
raisced by intercrossing flowers on these plants, which 
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strictly consisted of tlie same plant, and other seedlings 
raised from self-fertilised flowers, were carefully com- 
pared from tlieir earliest youth to maturity ; and they 
did not difler at all in Inught or in constitutiona] 
vigour. Some flowers on these soiMllings jvere then 
crossed with pollen taktm from a distinct seedling, and 
other flowers were self-fertilised ; two fresh lots of 
seedlings being thus raised* Avhieh were the grand- 
children of the plant that had spn^ad by stolons and 
formed a large clump in my garden. Tliose diflered 
much in height, tlie crossed ])hints being to the 
self-fertilised as 100 to 80. Th(‘y diflered, also, to a 
wonderful degree in constitutional vigour. The cross(Ml 
plants flowered first, and produced exactly twi(*(^ as 
many flower-stems; and they afterwards iiKireascnl by 
stolons to such an extent as almost to overwhelm the 
self-fertilised plants. 

Reviewing these iive cases, we set? tliat in four of 
them, the effVict of a cross betwcf(?n flowers on the sann? 
plant (even on offsets of the sann? jdaiit growing on 
separate roots, as with tlu? IMargonium and Origa- 
num) does not differ from that of tlui stricb^st st?lf- 
fertilisation. lnd(H?d, in two of the cas(‘s the sdf-fer- 
tilised j)laiits were superior to suph int(?r(*ross(!d plants. 
Witli Digitalis a cross between the flowers on tlu? same 
plant certainly <lid do some good, y(?t very slight 
compartjd with that from a cross between distinct 
])laiits. On the whole the results here arrived at, if 
we Ijear in mind tliat the flower-buds are to a certain 
f?xtent distinct individuals and (x;f;asionally vary inde- 
pendently of one another, agree well with our general 
conclusion, tliat the advantages of a cross depend on 
the progenitors of the crossed plants possessing some- 
what different constitutions, either from having been 
exposed to different conditions, or to their having 
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varied from unknown causes in a manner which we in 
our ignorance are forced to speak of as Spontaneous. 
Hereafter I shall have to recur to this subject of the 
inefficiency of a cross between the flowers on the same 
plant, whm we consider the part which i^isects play in 
the cross-uirtilisation of flowers. 

On the TranstmHHton of the good Effects from a Gross 
and of the evil Efects from Self-fertilisation . — We have 
seen that seedlings from a cross between distinct plants 
almost always exceed their self-fertilised opponents in 
height, weight, and constitutional vigour, and, as will 
hereafter be shown, often in fertility. To ascertain 
whether this superiority would be transmitted beyond 
the first generation, st^edlings were raised on three 
occasions from crossed and self-fertilised plants, both 
sets being fertilised in the same manner, and therefore 
not as in the many cases given in Tables A, B, and C, 
in which tlie (U’ossed plants were again crossed and the 
scilf-fertilisiKl again self-fertilised. 

Firstly, seedlings were raised from self-fertilised 
seeds produced under a net by crossed^ and self-fer- 
tilised plants of Nemophila insignis ; and the latter 
were to the former in height as irJ3 jto 100. But these 
seedlings became veiy unhealthy early in life, and 
grew so unequally that some of them in both lots were 
five times as tall as the otfiers. Therefore this experi- 
ment was quite , worthless ; but I have felt bound to 
give it, as opposed to my general conclusion. I should 
state that in this and the two following trials, both sets 
of plants were grown on the opposite sides of the same 
pots, and treated in all respects alike. The details of 
the experiments may be found under the head of each 
species. 

Secondly, a crossed and a self-fertilised plant of 
Heartsease ( Viola tricolor) grew near together in the 
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open ground and near to other plants' of heartsease ; 
and as both produced an abundance of very fine cap- 
sules, the flowers on both were certainly cross-fertilised 
by insects. Seeds were collected from both plants, and 
seedlings raised from them. Those from crossed 
plants flowered in all three pots before those from the 
sell-Tertilised plants; and when fully grown the former 
were to the latter in height as 100 to 82. As both sets 
of plants wore* the product of cross-fertilisation, the 
diflereuce in their growth and period of flowering was 
clearly due to their jjarents having bc'cn of crossed and 
self-fertilised parentage ; and it is equally clear that 
they transmitted diflbrent eoustitiitional pow(*rs to their 
ofls]>riug, the grandchildren of the plants which were 
originally crossed and s(df-fertilis(Ml. 

Thirdly, tlie yweet Pea {Lathyrns odoratus) habi- 
tually fertilises itself in this country. As I possessed 
plants, the pjirents and grandparents of which had 
been artifiei^flly crossed and other plants descended 
from the same parents which had been self-fertilised 
for many preyioiis generations, those two lots of plants 
were allowed to fertilise themselves und(U' a n(‘t, and 
their self-fertilised, seeds saved. The setidlings thus 
raised were grown in competition with each oth(w in the 
usual manner, and differed in their jjowers of grow th. 
Those from the self-fertilised plants wliich had been 
crossed during the two previous generations were to 
those from tlie plants self-fertilised during many pre- 
vious generations in height as 100 to 00.. Those two 
lots of seeds w ere likewise tried by being sowp under 
very unfavourable conditions in poor exhausted soil, and 
the plants whose grandjiarents and great-grandparents 
had been crossed showed in an unmistakable manner 
their superior constitutional vigour. In this case, as 
in that of the heartsease, there could be no doubt that 
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the advantage derived from a cross between two plants 
was ilbt confined to the offspring of the first generation. 
That constitutional vigour due to cross-parentage is 
transmitted for many generations may also be inferred 
as highly probable, from some 'of An^ew Knight’s 
varieties of the common pea, which were raised by 
crossing distinct varieties, after which time they no 
doubt fertilised themselves in each succeeding gene- 
ration. These varieties lasted for upwards of sixty 
years, but their glory is now departed.” * On the 
other hand, most of the varieties of the common pea, 
which there is no reason to suppose owe their origin 
to a cross, have had a much shorter existence. Some 
also of ]\Ir. Laxton’s varieties produced by artificial 
crosses have retained their astonishing vigour and 
luxuriance for a considerable number of generations ; 
but as Mr. Laxtou informs me, his experience does 
not extend beyond twelve generations, witliin which 
period he has never perceived any dimini^tion of vigour 
in his plants. 

An allied point may be here noticed. As the force 
of inheritance is strong w ith plants (of which abundant 
evidence could be given), it is almost certain that seed- 
lings from the samq^ capsule or from the same plant 
would tend to inherit nearly the same constitution ; fi&id 
as the advantage from a ’cross depends on the plants 
which are crossed differing somewhat in constitution, 
it may be inferred as probable that under similar con- 
ditions a cross between the nearest relations w^ould 
not benefit the offspring so much as one between non- 
relatedT plants. In support of this conclusion we have 
some evidence, as Fritz Muller has shown by his 


* See the evidence on this head ticalion,* chap. ix. vol. i. 2nd edit, 
in my ‘ Variation uudor D.nno^- p. 397. 


X 



306 UNIFOBM COLOUB OF I’HE F^-OWEBS Chap. VI H 

« 

valuable experiments on hybrid Abutilons, that the 
union of brothers and sisters, parents and chHdren, 
and of other near relations is highly injurious to the 
fertility of the offspring. In one case, moreover, seed- 
lings from sjjieli near relations possessed vdry weak 
constitutions.* This^ame observer also found t three 
plants of a Bignonia growing near together. H(? fer- 
tilised twenty-nine flowers on one of them with their 
own pollen, and tliey did not set a single capsule. 
Thirty flowers were then fertilised with pollen fnmi 
a distinct plant, one of the three growing together, 
and they yielded only two capsules. Lastly, five 
flowers were fertilised with pollen from a fourth plant 
growing at a distance, and all five produced eaj)sules. 
It s<‘ems therefore probable, as Fritz ]\luller suggests, 
that the three plants growing near together were 
seedlings from the same parent, and that from being 
closely related tliey had little jiower of fertilising one 
another.} «| 

Lastly, the itiet of the intercrossed plants in 
Table A not exceeding in height the self-fertilised 
plants in a great(?r and greater degree in the later 
generations, is probably the result of their having 
become more and more closely inter-related. 

Uniform Colour of the Flowers on Plants, self-fertilised 
and grown under similar conditions for several Oenera- 
tions. — At the commencement of my experiments, the 
parent-plants of Mimulus luteus, Ipomoea purpurea, 
Dianthus carijophyllus, and Petunia violacea, raised 
from purchased seeds, varied greatly in the colour 

* ‘Jenaisfihe Zeitsc’brift fiir Dome&tic«tion ’ ^chop. xvii, 2nd 
Naturw. ;* 13. vii., pp. 22 and 45, edit. vol. 2, p. 121) of hybrids of 

1872; and 1873, pp. 441-450. Gladiolus and Cistus, any unc of 

t ‘ Hot. ZeitJini?/ 1808, p. 626. which could be fertilised by pollen 
t Sonic remarkable cases are from any other, but not by its 
given in my ^ Variution un lej; own pollen. 
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of their flowers. This occurs with many plants which 
have been long cultivated as an ornament for the 
flower-garden, and which have been propagated by 
seeds. • ^JThe colour of the flowers^ was a point to which 
1 did not^t first in the least at^nd, anti no selection 
whatever was practised. Nevertheless, the flowers 
produced by the self-fertilised plants of tlie above 
four species became absolutely uniform in tint, or very 
nearly so, after they had been grown for some geiie- 
rati(.)ns under closely similar conditions. The intcjr- 
crosscd plants, which were more or loss closely 
inter-related in the later generations, and wliich had 
been likewise cultivated all the time under similar 
conditions, became more unifomi in the colour of 
their flowers than were the original parent-plants, but 
much less so tlian the self-fertilised plants. When 
self-fertilised plants of one of the later generations 
were crossed with a fresh stock, and seedlings thus 
raised, these presented a wonderful . coiftrast in thc^. 
diversified tints of their flowers comj>ared with those of 
the self-fertilised seedlings. As such c«\^es of flowers 
becoming uniformly coloured without any aid from 
selection seem to me curious, I. will give a full 
abstract of my observations. , 

Mimulus luteiis . — A tall variety, bearing large, almost 
white flowers blotched with crimson, appeared amongst 
the intercrossed and self-fertilised plants of the third 
and fourth generations. This variety increased so 
rapidly, that in the sixth generation of self-fertilised 
plants fvery single one consisted of it. So it was 
with all the many plants which were raised, up to the 
last or ninth self-fertilised generation. Although this 
variety first appeared amongst the intercrossed plants, 
yet from their offspring being intercrossed in each 
succeeding generation, it never prevailed amongst 

X 2 
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them; and the flowers on the several intercrossed 
plants of the ninth generation differed consideraCly in 
colour. On the other hand, the uniformity in colour 
of the flowers on the plants of all the later self-fer- 
tilised generations w^ quite surprising ; on a casual 
iiisp(‘ction they might have been said to be quite alike, 
but '\he crimson blotches were not of exactly the same 
shape, or in exactly the siune position, lioth my 
gardener and myself believe that this variety did 
not appear amongst the parent-plants, raised from pur- 
chased seeds, but from its appearance amongst botli the 
crossed and self-fertilised plants of th(3 third and iourth 
generations ; and from what 1 have seen of tin i variation 
of this species on other occasions, it is probable that it 
would occasionally appear under any circumstances. 
We learn, however, from the ])resent case that under 
the peculiar conditions to which my j>hints were 
subjected, this particular variety, remarkable for its 
colouring, largeness of the corolla, and increased 
height of the whole plant, prevailed in the sixth and 
all the succeeding self-fertilised generations to the 
complete exclusion of every other variety. 

Ij)omoea purpurea , — My attention was first drawn to 
the present subject by observing. that the flowers on all 
tlie plants of the seventh self-fertilised generation were 
of a uniform, remarkably rich, dark purple tint. The 
many jdants which were raised during the three suc- 
ceeding generations, up to the last or tenth, all produced 
flowc^rs coloured in the same manner. They were, 
absolutely unif(f)rm in tint, like those of a ponstant 
species living in a state of nature ; and the self-fertilised 
plants might have been distinguished with certainty, 
as my gardener remarked, vrtthoiit the aid of labels, 
from the intercrossed plants of the later generations. 
These, however, had more uniformly coloured flowers 
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tliai\ those which were first raised from the purchased 
seeds. This dark purple variety did not appear, as 
far as my gardener and myself could recollect, before 
the fiftl^ or sixth self-fertilised generation. However 
this may iave been, it becaije, through continued 
self-fortilisjition and the cultivation of the plants 
under uniform conditions, perfectly constant, to the 
exclusion of every other variety. 

Diauthus caryophyllus , — The self-fertilised plants of 
the third genc^ration all flowers of exactly the 
sain(‘ paleros<i-colour ; and in this respect they differed 
quite remarkably from the plants growing in a larg(,‘ 
bed close by and raised from seeds purchased f^m the 
same nursery garden. In this case it is not improbable 
that some of tlie parent plants whicJi were first s(df- 
fortilised may have borne flowers thus coloured ; but 
as several plants were self-fertilised in the first genera- 
tion, it is extremely improbabhi that all boro flowers 
of exactly the same tint as those of the* self-fertilised 
plants of the third generation. The intercrossed plants 
of the third generation likewise prqjluced flowers 
almost, though not quite so uniform in tint as those 
of the self-fertilised plants. • 

Petunia vi6laeea,—4xi this case I happc.uied to record 
in my notes that the flowers on the parent-i)lant which 
was first self- fertilised were of a “ dingy purple colour.” 
In the fifth self-fertilised generation, every one of the 
twenty-one self-fertilised plants growing in pots, and 
all the many plants in a long row out of doors, 
produQifnl flowers of absolutely the same tint, namely, 
of a dull, rather peculiar and ugly flesh colour ; there- 
fore, considerably unlike those on the parent-plant. I 
believe that this chanfe of colour supervened quite 
gradually ; but I kept no record, as the point did not 
interest me until I was struck with the uniform tint 
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of tlie flowers on tlie self-fertilised plants of the fifth 
goiieration. The flowers on the intercrossed plants of 
tlio corresponding generation were mostly of the same 
dull flesh colour, but not nearly so uniform us those on 
the self-fevtilired plants, some few being very pale, 
almost whit(?. Tlie self-fertiljsed plants whicih grew in 
a loitg row in the open ground were also remarkable for 
th(ur uniformity in height, as were the inte^rcrossed 
plants ill a less degrt^e, both lots being eoni})ared with 
a large number of plants raistMl at the same time under 
similar conditions from the self-fertilised plants of the 
fourth generation crossed by a fresh stock. I regret 
that 1 did not att(uid to the uniformity in height of 
tlui self-fertilised seedlings in the later generations of 
tlu' other species. 

Tliese few cases seem to me to possess much interest, 
learn from them that new and slight sliades of 
colour may be quickly and firmly fixed, independi^ntly 
of any selectmn, if the conditions are kept as nearly 
uniform as is possible, and no intercrossing be per- 
mitte<l. With Mimulus, not only a grotesque stylo of 
C(jlouriiig, but a larger corolla and inen^ased heught of 
th<3 whole plant w^ere thus fixed ; whereas with most 
plants which have been long cultivated for the flower- 
garden, no character is more variable than that of 
colour, excepting perhaps that of height. From the 
consideration of these cases w(3 may infer that the 
variability of cultivated plants in the above respects 
is due, fiistly, to their being subjected to somewhat 
diversified conditions, and, secondly, to their^ being 
often inter-crossed, as would follow from the free access 
of insects. I do not see how this inference can be 
avoided, as when the al>ove (plants were cultivated 
for several generations under closely similar conditions, 
and were intercrossed in each generation, the colour 
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of thpir flowers tended in some degree to change and to 
become uniform. When no intercrossing with otlier 
plants of the same stock was allowed, — that is, when 
the flowers were fertilised witlj their owA pollen in 
each generation — their colour in the Irfter generations 
became as uniform as tiiat of plants growing ^in a 
state of natiire, accompanied at least in one instance 
by much uniformity in the height of the plants. But 
in saying that the diversified tints of the flowers on 
cultivated plants treated in the ordinary manner are 
due to diflerenees in the soil, climate, &c., to which 
they are exposed, I 'do not wish to imply that such 
variations are c-aused by these agencies in any more 
direct manner than that in which the most diversified 
illiufsses, as colds, inflammation of the lungs or pleura, 
riieumatism, &c., may be said to be caused by expo- 
sure to cold. In both cases the constitution of the 
being which is acted on is of prejwnderant imjtortance. 
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CHAPTER IX. 


The Effects of Cross-fertilisation and Self-fertilisation on 
THE PrODI CTION OP SeEDS. 

Fertility of plants of crossed and self-fertilised pnrentn;rc, both lots 
being fertilised in the same manner — Fertility of the parent-plants 
when first crossed and self-fertilised, ai^fl of their crossi'd and self- 
fertilised oiFspring when again ertjssecl and self-fertilised — Com- 
parison of the fertility of flowers fertilised with their own pollen 
and witli that from other flowers on the same plant — Self-sterile 
plants — Causes of selt-sterility — TJie appearau^’e of highly self- 
fertile varieties — Self-fertilisation apparently in some n'speets bene- 
ficial, indeiKiiidently of the assured production of seeds. — Relative 
weights and rates of germination of steeds from crossed and ^elf- 
fertilised flowers. 

The present V,hapter is devoted to the Fertility of 
plants, as influenced by cross-fertilisation and self- 
fijrtilisation. /The subject consists of two distinct 
branches ; firstly, the relative productiveness or fertility 
of flowers crossed with pollen from a distinct plant and 
with their own pollen, as showif*by the proportional 
number of capsules which, they produce, together 
with the number of the contained seeds. Secondly, 
the degree of innate fertility or sterility of the seed- 
lings raised from crossed and self-fertilised seeds ; such 
seedlings being of the same age, grown under the same 
conditions, and fertilised in the same manner. • These 
two branches of the subject correspond with the two 
which have to be considered by any one treating of 
hybrid plants; namely, in the first place the comparative 
productiveness of a species when fertilised with pollen 
from a distinct species and with its own pollen ; and 
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in tbe second place, the fertility of its hybrid oflT- 
spring. These two classes of cases do not always run 
parallel ; thus some plants, as Gartner has shown, can 
be crossed with great ease, but yield excessively sterile 
hybrids ; while others are crossed with*extreme diffi- 
culty, but yield fairly fertile hybrids. 

The natural order to follow in this chapter w*ould 
have been first to consider the effects on the fertility 
of the parent-plants of crossing them, and of fertilising 
them Avith their own pollen ; but as we have discussed 
in the two last chapters the relative height, weight, 
and constitutional vigour of crossed and self-fertilised 
plants — that is, of plants raised from crossed and 
self-fertilised seeds — it will be convenient here first 
to consider their relative fertility. The cases observed 
by me are given in the following table, D, in which 
plants of crossed and self-fertilised parentage were left 
to fertilise themselves, being either crossed by insects 
or siKuitaneously self-fertilised. It should be observed 
that the results cannot be considered as fully trust- 
worthy, for the fertility of a plant is almost variable 
element, depending on its age, health, nature of the 
soil, amount of water given, and temperature to which 
it is exposed. The dumber of the capsules produced 
and the number of the contained seeds, ought to have 
b<jen asci'rtained on a large number of crossed and self- 
fertilised plants of the same age and treated in every 
respect alike. In these two latter respects my observa- 
tions may be trusted, but a sufficient number of capsules 
were^«)unted only in a few instances. The fertility, 
or as it may perhaps better be called the productive- 
ness, of a plant depends on the number of capsules 
produced, and on the number of seeds which these 
contain. But from various causes, chiefly from the 
want of time, I was often compelled to rely on the 
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number of ,tlic capsules alone. Nevertheless, ip the 
more interesting cases, the seeds were also counted 
or Ayeighed. The average niiinber of seeds per capsule 
is a more valuable criterion of fertility than the 
number of cr.psules produced. This latter circum- 
stance depends partly on the size of the plant ; and we 
know that crossed plants are generally taller and 
heavier than the self-fertilised ; but the difference in 
this respect is rarely sufficient to account for the 
difference in the number of the capsules produced. It 
need hardly be added that in the folbjuing table the 
same number of crossed and sidf-fertilised plants are 
always compared. Subject to the foregoing sources of 
doubt I will now give the table, in which the parefttage 
of the plants experimented on, and the manner of 
determining their fertility are explained. Fuller 
details may be found in the previous part of this work, 
under the head of each species. 


Table D . — Edative Fertility of Vlants of crosmd and self-fertiliaed 
Farentaye, loth seta being f rtilised in the same manner. Fer^ 
til ity judged of by various Standards^ That of the crossed Plants 
taken as 100. 


Ipomoca I’lTRPUREA — first general em : seeds j)er cnpsule 
on crossed and self-fertilised plants, not jjrowing much 
crowded, s])ontaueously self-fertilised under a net, in 
number . 


as 100 to 

! 


90 


Ipomcea purpurea — seeds per capsule on crossed and i 
self-fertilised plants from the same parents as in the last I 
case, but growing much crowded, spontaneously self-| ” ” 

fertilised under a net, in number I 

IrOMa:A purpuiiea — productiveness of the same plants, as | 

judged by the number of capsules produced, and average^; ,, 45 

number of seeds per capsule 

Ipomcea purpurea — third generation: seeds ])er capsule 

on crossed and self-fertilised jdants, s})ontaneously self-yi „ „ 94 

fertilised under a net, in number ....... 

IjpOMCBA purpurea — productiveness of the same plants, 
as judged by number of capsuies produced, and average^! „ „ 35 

number of seeds per capsule ........ 
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Table D — continued. 


Ipomika ruiiT'UREA — fifth (jencratvm: seeds per capsule || 
on crossed and self-fertilised plants, left uncovered in the> as 100 to 80 
hothouse, ^jjnd spontaneously fertilised ) | 

iTOMUiA PURPUREA — ninth tjenerat'um : numFer of capi^lesjj 

on crossed plants to those on self-fertilised plants, spon->! „ „ 26 

taneously self-fertilised under a net . . . . . . ) | 

Mimui.us LUTKiTS — an equal number of capsules on ]»lants^ : 
descended from self-fertilised plants of the 8th genera- i 
tion crossed by a fresh stock, and on plants of the 0th ' 
self- fertilised generation, both sets having been left ” ” 

uncovered and spontaneously fertilised, contained seeds, 
by weight , 

Mimulus lutuus — productiveness of the same plants, asj 
judged by number of capsules produced, and average) „ „ 8 

weight of seeds ]ier capsule | 

Van’dei.lta nummularifolia — seeds per capsule from! 

cleistogene flowers on the crossed an<l self-fertilised) „ 106 

plants, in number ) 

Salvia ax:ciNLA — crossed plants, compared with self-fer-1 
tilised plants, produced flowers, in number 

lUKUis UMRKLLATA — plants left uncovered in greenhouse ; 1 i 
intercrossed plants of the Ord generation, compared with f j 
self-fertilised plants of the «ird generation, yielded seeds, j ** 

ill number ® . j 

lUKRis UAiRKLLATA — plants from a cross between Uvoj! 

varieties, comjtared with self- fertilised plants of the 3rd>. „ „ 

generation, yielded seeds, by Aveight • • ) 

Papaver vagum — crossed and self-fertilised jilants, left'll 

uncoviTcil, produced capsules, in number , . . , • /l ” ** 

I^scrisciiOLTZlA CALIFORNIC^— Brazilian stock; plants leftJ 

uncovered and cross-fertilised by bees; capsules onl; , 

intercrossed plants of 2ud generation, com}>ared with)! „ „ 78 

cap‘«ules on self- fertilised jdants'of 2nd generation, con-l; 
tained seeds, in number J 

Eschsciioltzia CALIFORNICA — productiveness of the samel 

plants, as judged by number of capsules produced, and) „ „ 89 

average number of seeds per capsule ) 

Eschsciioltzia californica — plants left uncovered andl 
cross-fijrtilised by bees ; capsules on jdaAts derived from 
intercrossed plants of 2ud generation of the Brazilian go 

stock crossed by English stock, compared with capsules ” ” ” 

on self-fertilised plants of 2nd generation, contained 
seeds, in number 

Eschsciioltzia californica — productiveness of the samel 
plants, as judged by number of capsules produced, and > „ „ 40 

average number of seeds per capsule 
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Kks^pa odorata — crossed and self>fertiiised plants, left! 

uncovered and cross-fertilised by bees, produced capsules) as 100 to 100 

in number (about) . . . / I 

Viola tricou)R — crossed and self-fertilised plants, left) 
uncovered and cS'oss-fertilised by bees, produced capsule*; „ „ 10 

in number I ; 


T>klp(IIXIUM CONSi^LTnA — crossed and .self-fertilised [Slants,! 
left uncovered in the greenhouse, produced capsules in> 

number | 

ViscARiA OCULATA— crossed and self-fertilised plants, left! 

uncovered in the greenhouse, [irodiice 1 capsules in number/ - 
Diantuus caryophyllus — plants spontaneously self-ferti-J i 
Used under a net; capsules on intercrossed anrl self-lj 
fertiliscil plants of the urd generation contained seeds in|; 

Diantuus caryoimivllis — jdantslcft uncovered and cros.s-\ j 
fertilised by insects : offspring from plants self-fertilised ' 
for thretf gencration.s and then crossed by an inter- ^ 
crossed jdant of the .sjvme ' stock, comjmred with plants 
of the 4th self-fertili.sed generation, produced seeds by 

weight 

Diantuus carvophyllus— plants left uncovered andcro.ss-^ 
fertili.sed by insects ; offspring from plants self-fertilised 
for three generations and then crossed by a fresh - 
stock, comjiare^ vrith plants of the 4th self-fertilised 

generation, produced seeds by weight 

Tim)Pa:olum Mrxr^s — crossed and self-fertilised plants, lefti 
uncovered in the grcenhou.se, produced seeds in number ./ 
Limxantiius DOudLAsii — cro.ssed and self-fertilised plant.s,jt 
left uncovered in greenhouse, produced capsules in>| 

number (about) ) 

LUPixus LUTElJk — crossed and self-fertilised plants of the! 
2Qd generation, left uncovered in the gi^enhouse. y;ro-> 
duced seeds in number (Judged from only a few pods) . | 
PiiASKOLUS MULTIFLORUS — crossed and^self-fertilisud plants,) 
left uncovered in the greenhouse, produced seeds in> 

number (about) ) 

Latiiyrus OUORATUS— crossed and self-fertilised plants of! 
the 2nd generation, left uncovered in the greenhouse, but > 
certainly self-fertilised, produced pods in number . . ) 

Clarkia llegaxs — crossed and self-fertilised plants, lefti 
uncovered in the greenhouse, prcniaced capsules in number/ 
Nemophila insigxir — crossed and self-fertilised plants,! 
covered by a net and spontaneously self-fertilised in the) 
greenhouse, produced capsules in number . . • . . ) 

Petunia violacea — left uncovered and cross-fertilised byj 
insects : plants of the 5th intercrossed and self-fertilised I 
generations produced seeds, as judged by the weight of an | 
equal number of caimules j 


50 


77 


1 25 


»» M 70 

»» »» 

„ » G4 

,, „ 

,, „ 88 

n » 100 

„ M 01 

» 00 


80 
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Table D-^cmtihveL 


Pltl'XIa viOLACEA — left uncovered as above : offspring ofj 
plants scii-fertilised fur four generations and then crossed 
by a fresh stock, compared with plants of the 5th self- 
fertilised* generation, ])roduced .seeds, as judged by the 
weight of an* equal number of capsules . . 

Cyclamen i*i:iisicitm — crossed and self-fertilised plant.^, left'll 
uncovered in the gre(inhoii.sc, produced capsules in number/ 
An ACiALLLS COLLIN A —crossed and self-fertilised [dants, leftl^ 
uncovered in the greenhouse, ]»rodticed capsules in number/ 
Pktmci.a VEiiis — left uncovered in open ground ami cross-] 
fertili'icd by insects: offspring from plants of the ord 
illegitimate generati»»n cr(»ssc<l by a fresh stock, crmipared 
with plants of the 4th illegitimate and self-fertilised 

generation, ]»roduced capsules in number 

Same plants in the following year 

I‘RlMl'LA vtnis — (e<|ual-styled variety); left uncovered in) 
open ground and cross-fertilised by insects : oHsju'ingj 
from plants self-fertilised for two generations and Ihen^j 
crossetl by another variety, compared with plants of the .'Ird | 
self-fertilised generation, jjrodiiced capsules in number J| 
i.A vi.Ris — (equal-styled var.) same plants ; averngeli 

number of seeds ])er capsule /', 

I’RIMI'LA VKUls— (equal-styled var.) productiveness of the 
same plants, as judged by number of ca])sules pnH^iced 
and average number of setfds per capsule 


as 100 to 46 


12 


15 


71 


11 


This table ineludes thirty-three cases relating to 
twenty-three sjx'cies, and shows tlio degree of innate 
fertility of plants (tf crossed jiareiitage in comparjson 
with those of stdf-fertiliseji parentage ; both lots being 
fertilised in the same manner. With several of the 
species, as with Eschscholtzia, Reseda, Viola, Dian- 
thus, Petunia, and Primula, both lots were certainly 
cross-fertilised by insects, and so it probably was with 
several of the others ; but in some of the species, as 
with Nemophila, and in some of the trials with Ipoma‘a 
and Dianthus, the plants were covered up, and both 
lots were spontaneously self-fertilised. This also was 
necessarily the case with the capsules produced by the 
cleistogene flowers of Vandellia. 
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The fertility oi‘ the crossed plants is represented in 
the table by 100, and that of the self-fertilised by the 
other figures. There are five cases in which the fertility 
of the self-fertilised plants is aj)proximately equal to 
that of the crossed ; nevertheless, in four of .these cases 
the crossed plants were plainly taller, and in the fifth 
somewhat taller than the self-fertilised. But I should 
state that in some of these five cases the fertility of 
the two lots was not strictly ascertained, as the (Nipsules 
were not actually counted, from appearing eciual in 
number and from all apparently containing a full com- 
plement of seeds. In only two instances in the table, 
viz., with Vandcllia and in the tliird generation of 
Dianthus, the capsules on the self-fertilised plants 
contained more seed tLji those on tlie crossed [)lants. 
With Dianthus the ratio between the numberof seeds 
contained in the self-fertilised and crossed capsules 
was as 125 to 100; both sets of plants were hd't to 
fertilise them>‘lves under a net; and it is almost 
certain that the gieater fertility of the self-fertilised 
plants was here due meriily to their having varied 
and become less strictly dichogainous, so as to mature 
their anthers and stigmas more nearly at the same 
time than is proper to the species. Excluding the 
seven cases now referred to, there remain twenty -six 
in which the crossed plants were manifestly much 
more fertile, sonietimes to an extraordinary degree, 
than the self-fertilised with which they grow in com- 
petition. The most striking instances are those in 
which plants derived from a cross with a fresh, stock 
are compared with plants of one of the later self-fer- 
tilised generations ; yet there are some striking cases, 
as that of Viola, between the intercrossed plants of the 
same stock and the self-fertilised, even in the first 
generation. The results most to be trusted are those 
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in which the productiveness of the ^)lants was ascer- 
tained by the number of capsules produced by an 
equal number of plants, together with the actual or 
average number of seeds in each capsule. Of such 
cases tlier(3 are twelve in the table, an^ the mean of 
their mean fertility is as 100 for the crossed 2 )lants, 
to 50 for the self-fertilised jdaiits. The PrimuluceaB 
seem euiiiiontly liable to sufler in fertility from self- 
fertilisation. 

The following short table, E, includes four cases 
which have already been jmrtly given in the last table. 

Table E. — Inuak Fertility of Phiuis from a (Jronnwitha fresh 
Stock, compitrod with that of Intercrossed Plants of the same 
Stock, and with that of Self ’fertilised Plants, all of the com- 
spovdimj (ivueration. Fertility judged of by the number or 
weif/hi of seids po'odneed by an eijual number of Plants, 


• 

a a. 

£ 

! 

s c ^ 1 

! 

!H 

Self, fertilised 
Plants. 

» 

iJ’ri:i’s — the intercrossed plsmts are de-J 
rive* a cr(*ss bclwc-u two jdaiits of thof 

Stit seli'-fortili'cd The sell-fertilised j 

jdan^s U*ion;j; To the 'dth generation , . . •.* 

t 

100 

4 

3 

Lsci's, -..jOI'I Z I A i A ijFoiiN lOA -“the intercrossed andl 
Mill* fertilised plants belong to the -nd generation j 

100 

45 

do 

DiANTiU's CAitvoi’H ViXL's — the intiTcrossod plants' 
are derivtf<i from self-fertilised of the iJrd ge- 
neration, crossed by intercrossed {dants of the •- 
.*Jrd generation. The self-fertilised plants belong 
to the 4th generation 

100 

45 

33 

pETtJNTA VIOLACKA — the intercrossed and self-fer-1 
tilised plants belong to the 5th generation . . j 

100 

54 

46 


N.li. — In the above casrfs, excepting in that of Eschscholtzia, the plants 
derived from n cross with a fresh stock belong on the mother-side to the 
r’ame stock with the intercrossed and self-fertilised plants, and to the cor- 
responding generation. 
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These cases sho^^ us how greatly superior in innate 
fertility the seedlings from plants self-fertilisiid or 
intercrossed for several generations and then crossed 
by a’ fresh stock are, in comparison with the seedlings 
from plants the old stock, either intercfoss^d or 
self-fertilised for the same number of generations. The 
throe lots of plants in • each case were left freed y ex- 
posed to the visits of insects, and their flowers without 
doubt were cross-fertilised by tliein. 

This table further shows us that in all four cases the 
intercrossed plants of the same stock still have a 
decided though small advantage in fertility over the 
self-fertilised plants. 

With respect to the state of the reproductivt? organs 
in the self-fertilised plants of the two last tables, 
only a few observations were inado. In the seventh 
and eighth generation of Ipomo^a, the anthers in tlu^ 
flowers of the^self-fertilised plants w('re plainly smaller 
than those in the flowers of the intt^rcrossod ])lants. 
The tendency to sterility in theses same plants was 
also shown bV th(^ first-forme<l flowers, aft<*r they had 
been carefully fertilised, often droj>ping oft', in the 
same manner tis frequently occnr§ with hybrids. The 
ihjsvers likewise tended to bo monstrofis. In the 
fourth generatir)n of Petuhia, the ])olhai produced 
by the s(?lf-f(‘rtilis<:?d and int<?rcrosso(l plants \vas 
compart^l, and there were far more empty and shrivelled 
grains in the former. 

Relative Fertility of Flmvers crossed with Pollen from a 
distinct Plant and with their own Pollen. This heading 
includes floivers on the Parent-plants, and on the crossed 
and self fertilised Seedlings of the first or a succeeding Ge- 
neration. — I will first treat of the parent-plants, which 
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were raised from seeds purchased from nursery-gardens, 
or talceii from ])lants growing in my garden, or 
growing wild, and surrounded in every case by many 
individin^ls of the same species. ^ Plants thus circum- 
stanced wiU eoinmonly have been inll>rcrossed by 
insects; so that the seedlings whicli were first ex- 
perimented on will generally have been the product 
of a cross. Consequently any difference in the 
fertility (»f their flowers, when crossed and self-fer- 
tilised, will have been caused by the nature of the 
pollen einj>loyed ; that is, whether it was taken from 
a distinct plant or from the same flower. The th^- 
grees of fertility shown in the following table, F, 
were deterHiin(*d in each case by the average number 
of seeds per ca2)sule, ascertaine<l either by counting 
or weighing. 

Anotlier element ought properly to have been taken 
into a(*count, namely, the proportion of flowers whicli 
yielded capsuh‘s when they were crossed ^ind self-fer- 
tilised; Jiiul as crossed flowers generally produce a, 
larger jiroportioii of capsuh^s, their sujieriority in fer- 
tility, if this element had )>een taken into account, 
would liave been much more strongly marked than 
appears in Table But luid I tlius acted, the^’e 
would have been greater liability to error, as pollen 
applied to tlie stigma at the wrong time fails to pro- 
duce any effect, indiqiondently of its greater or less 
potency. A good illustration of tlie great difference 
jn the r(?sults which sometimes follows, if the number 
of capsujjtvs produced relatively to the number of flowers 
fertilised bo included in the calculation, Avas afforded 
by Nolana prostrata. Thirty flowers on some plants 
of this species Avore crossed and produced tw’enty-se\'en 
capsules, oacli containing five seeds ; thirty-twD flowers 
.on the same plants were self-fertilised and produced 

V 
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only six capsulek, each containing five seeds. As the 
number of seeds per capsule is here the same, the fer- 
tility of the crossed and self-fertilised flowers is given 
in Table F as equal, or as 100 to 100. But if the 
flowers which failed to produce capsules be included, 
the crossed flowers yielded on an average 4*50 seeds, 
whilst the self-fertilised floweus yielded only 0 * 94 seeds, 
so that their relative fertility would have been as 100 
to 21. I should hero state that it has been found con- 
venient to reserve for separate discussion the cases of 
flowers which are usually quite sterile with their own 
pollen. 


Table F . — lielative FeriiUty of the Howers on the Parent-plants 
used in my Experiments^ lohen fertilised with Pollen from a 
distinct Plant and with their own Pollen, Fertility judyed of 
by the average Number of Seeds per Capsule, Fertility of 
Crossed Flowers taken as 100. 


iPOMtKA Pi:ui‘UHKA — (Tosscl jluJ flowors^l 

• yielded seeds as (about) . j| 

Ml&lUI.CS LCTEU^ — erossi'd aud self-fertiliswl tlowers yiebledl 

seeds as (by weight) j 

Linakia VULGAUIS — crossed aiul self-fertilised flowersl* 
yielded see ’ ' . . . 

Vanoellia NCMiiri.ArJl’OLlA — crossed u»tl self-fertili>edl| 

‘flowers yielded seeds as / 

OESXKRfA PKNDULIXA — crossed aiid self-fertilised flowersl; 

yieldeil seeds iis (by weight) |j 

Salvia coctcixea — rr«»ssed and self- fertilised flowers yieldedl * 

seeds as (about) jj 

Brasstca OLEKacka — crossed and self-fertilised flowers) 

yielded seeds as / 

Esciisciioltzia CALiFGUNiCA — (English stock) crossed and)] 
self- fertilised flowers yielded seeds as (by weight) . ./! 

Eschsciioltzia californioa^ B razilian stock grown inj 
England) crossed and self-fertilised flowers yielded seeds 

(by weight) as (about) 

Delphiniitm COKSOLIDA — CTossed and self-fertiiiseil flowers^ 
(self-fertilised capsules spontaneously produced, but result > I 
supported by other evidence) yielded seeds as . . . . ) j 


100 to 100 



7i» 


II 
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>» 

07? 

»» 
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100 
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100 

If 

II 

25 
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Vise ARIA OCULATA — crossed and self-fertilised flowersV 

yielded seeds as ( by weight) / 

Vi'scAUiA OCULATA* — crossed and self-fertilised flowers! 
(crossed capsules comjwed on following year with spon-> 
taneously self-fertilised capsules) yielded sefsds as . ) 

DianthusOARYDPHYLLUS — crossed and self-fertilised flowers i 

yielded seeds as / 

TroPvEOLUM minus — crossed and self-fertilised flowers! 

yielded seeds as ! ) 

Tropasolum TKicor/)iiUM* — crossed and self-fertilised i 

flowers yielded seetls as / 

Limnanthes iHJUOLASii — ci'ossed and self-fertilised flowers i 

yielded seeds as (ab<»ut) f 

Sarothamnus scoparius— crossed and self-fertilised flower>i 

yielded seeds as f 

O.NONIS MINUTISSIMA — crossed and self-fertilised flowers | 

yielded seeds as f 

Ci.'pHKA PURPUREA — crossed and self-fertilised flower.si 

yie^lod S'ceJs as j 

Passifi/)RA ORACiLlS — crossed and self-fertilised flowers'i 

yielded seeds as . , . ‘ / 

SpuCULARIA SPi:cuLUM — crossed and self-fertiliseil flowers i 
vieltlod seeds as f 


seeds as (about) .... 
\KM0PHILA INSIONIS — cr(»ssed 
yielded seeds as (by weight) 
IJORAGO 01 FICTNALIS — crossed 
yielded seeds as . ... 

XoLA N* A I'ROSTRATA — crossed 
yielded seeds as . 
riOTUVIA VIOLACEA — crossed 
yielded seeds as (by weight) 
N ICO r I A N A T AR Acuil — crossed 
yielded seeds as (by wei ghtjl 
I'VCLAMKN I'ERSICUM — cr0SS( 
yielded seeds as . 


lUO to .‘lb 


and 

self-fertilised 

flower.s| 


• 

ii:; 

and 

self-fertilised 

flowers'i 



s:» 

and 



sclf-fertilisoil flowers i 



7*J 

»cll-fertilised flowers 

• ) 

yielded! 



loo 

and 

self-fertilised 

• • 1 

flowers! 
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and 

self- fertilised 

flowers 1 



00 

• 

and 

self-fertilised 

flowers! 



loo* 

and 

self-fertilised 

• • 7 

flowers 



07 

and 

self-fertilited 

riowers|: 



InO 

. and 

self-fertilised 

.flowers! 



• 

■'O 
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. J: 


jj 

.)o 

and 

self-fertilised 

flowers ! ; 




. 

. 

. .) 

?» 

r 
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yielded seeds as /. 

(’anna WARSCRWICZI — crossed and self-fertilised fliwersfonj: 
three generations of crossed and self-fertilis«jd plants tukenii 
all together) yielded seeds as ) | 


* Tropieolum tricolorum and 
Cuphea purpurea have been intro- 
duced into this table, although 
seedlings were not raised from 
them ; but of tte Cuphea only 
six crossed and six self-ferti- 
lised capsules, and of the Tropic- 


olum only si-\ crossed and eleven 
self-fertilised capsules, were com- 
pared. A larger proportion of 
the self-fertilised than of tlit* 
crossed Rowers of tlie Tropoaoliiin 
produced fruit. 

Y 2 
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A second table, G, gives the relative fertility of 
ilowers on crossed plants again cross-fertilised, dml of 
flowers on self-fertilised plants again self-fertilised, 
oith(*r in tlie first or in a later generation. Here two 
causes combine to diminish the fertility, of ' the self- 
f(‘rtilis(Hl flow’(»rs ; namely, the lesser eflicacy of polhm 
from the same flower, and the innate less(‘iMid fertility 
of 2>lants derived from self-fertilised seeds, which as we 
ljav(* seen in the previous Table I) is strongly marked, 
'rile fertility was determined in the sam<» manner as 
in 'rabl(‘ F, that is, by the average number of se(?ds jier 
eai>sul(* ; and the same remarks as Ixd'ore, with ri^sjiect 
to tlie difl'erent jirojiorlion of flowers wliicli set capsules 
wlien they are cross-fertilised and s(‘lf-fertilised. an* 
h(‘r(* likcwvise aj^jdicable, 

Tahlk G , — liehitive Ferillity of Flowers on Crossed and 
fertiHsid l^lunU of ike First or some svrc*e<limi Cenerdion ; the 
fomwr h‘iu4j again fer til ised with Pollen frmn a distinct Ilani^ 
and. the latte*, again with their own Pollen, Fnliliig jndged 
of hij the average Fvrrder of Seeds per Capside, Firtility of 
t.^rossed Flowers tahen as 100, 


prF!i'i:i:KA — anti flt*wt.‘rs onj. 

thf t rt'.s.«f<l MmJ hclf-fi*rtilis(!ti plants of flit! 1st j^tMieralitni > 

yit;l'lt*il seeds as ) 

Ipomm- A l*t’Icl*riii:A — crossed anti sidf-fcrtiU^tTil llowers onj 
thf t rosseil and self-jertilised plants of the ilrtl generation) 

yifldeil seeds ns ' )■ 

JpOM'i.A I’UKI’URKA — erosstfd ainl K<df*fertiiiscd flt»wers onj 
tilt* crtissed and stdf'fertiiisetl plants of the 4th generation >' 

yifl'lftl seeds as | 

PMtPeiiKA — crossed aiul self-fertilised llttwers onj, 
the crossed and self-fertilised plants of the .'>th generation > 

yieldt'd fteetls as ji 

^IiML'J.us u’TKl’s — crossed and self-fertilised Ihiwers tm thtf j| 
cro.>setl and self-fertilised plants of the .'Ird generatitm >: 

yiehled seeds as (hy weight) . . , . . , . , 

3IiMULns LrTKUs — same ydants treated in the same inanner^i 
on following year yielded seetls as (by w’eight) . • * • 

MimcRCS LCTKUS — crossed and scdf-fertilised fltiwers on thej 
orossetl and self- fertilised plants of the 4th generatitm) 

yielded seeds as (by weight) . . , . . .) 


lin.» to f>:; 
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V'lOL A TRICOLOR — crossoil and self-fertilised flowers on thel 
crossed iiml self-fertiliM'd jdants of the 1st generation) 

yielded sjjeds as j 

Diantiii'SCAhvopiiyllus —crossed and self-fertilised flivvers j 
on the crossed and self-tertilised j»lants of the 1st genera-! 

tioii yielded seeds us j 

Diajjthps OAHYOiMiYiJiUS — floweis on self-fertilised plants j 
of the ord generatii'ii crossed by intercrossed plants, and! 
other flowers again self-fertilised yielded seeds as . . | 

Dianthus CAUYOIMIYLI.us — flowers on self-fertilised jdants j 
of the ord generation crossed by a fresh stock, and other! 
flow(‘rs again self-fertilised yitdded seeds as . . . . | 

Lathy 1? rs oixmATi\s —cn»ssed and scdf-fertilised flowers onj 
the crossed and self-fertilised plants of the 1st generation! 

yielded seeds as j 

Ix)nj:LiA RAMOSA — crossed and self-fertilised flowers on thei 
crossed and self-fertilised plants of the 1st generation 

yielded sceils as (by weight) . 

Pki’UNIA vioi.AOlCA — crossed and self-fertilised flowers (»n 
the crossed and self-fertilised jdants of the 1st generation 

yielded seeds as (by weight) 

rKTVNiA VIOI/ACKA — crossed and self-fertilised flowers on 
the crossed and self-fertilised jdants of the 4tl) generation 

yielded seeds as (by weight) 

Pkitma Vloi.AOKA — flowers on self-fertilised jdants of the 
4th generation (TossciI by a fresh stuck, and other floTvers 
again self-fertilised yielded seeds as (by weight) . 
NuxvriANA TAUACi’M — cvosscil and self-fertilised flowers on 
the crossed and self- fertilised jdants of the 1st geuer^ition • 

yielded seeds as (by weight) 

Nicotiana TAHAOi’M- flowers on self-fertilised j»lants of 
the l!nd generation crossed’ by intercrossed, |)lants, and 
(»ther flowers again self-fertilised yielded seeds as (l)y es- 
timation) * 

Nicotiana TARACPM — flowers on self-fertilised jdants of 
the drd generation crossed hy1» fresh stock, and (»ther > 
flowers again self-fertilised yielded seeds as (by estimation) 
Anaoallis a>LLlNA — flowers on a red variety crossed by a 
blue variety, and other flowers on the red variety self- 
fertilised yielded seeds as ........ i 

Oaxna WAitscRWiczi — crossed and sclf-fortiliscd flowers on 
the crossed and self-fertilised plants of thi’ce generations 
takeu^ogether yielded seeds as 


100 to «;‘f 


•.«7 


llo 


no 


»» >? 


As Loth those tables relate to tiie fertility of 
flowers fertilised by pollen from another plant and by 
their own pollen, they may be considered togetln't 
The difference between them consists in the sell- 
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fertilised flowers in the second table, G, being 
j)roduced by self-fertilised j)arents, and the crossed 
flo\Vers by crossed parents, which in the later generations 
had become solne^^’hat closely inter-related, and had 
been subjected all the time to nearly the same (^ondi- 
tiong. These two tables include fifty cases relating to 
thirty-two species. Tlie flowers on many other species 
were crossed and self-fertilised, but as only a few were 
thus treated, the results chnnot be trusted, as far as fer- 
tility is concerned, and are not here given. Some other 
eases have been rejected, as the plants were in an 
unhealthy condition. If we look to the figures in the 
two tables expressing the ratios between the mean 
relative fertility of the crossed and self-fertilised 
flowers, we see that in a majority of the cases (i.e., 
in thirty five out of fifty) flowers fertilised by i>olleu 
from a distincit plant yiehl more, sometimes many more, 
seeds than flowers fertilised with their own pollen ; and 
they commonly sot a larger proportion of capsules. The 
degree of infertility of the self-fertilised flowers differs 
extremely in^-the different species, and even, as we 
shall see in the section on self-sterile plants, in the 
individuals of the same species, as well as under 
slightly changed conditions of* life. Their fertility 
ranges from zero to fertility equalling that of the 
crossed flowers ; and of this fact no explanation can 
be offered. There arc fiftc^en cases in the two tables 
in w hieh the number of seeds per capsule produced by 
the self fertilised flowers equals or even exceeds, that ■ 
yielded by the crossed flowers. Some few of these 
cases are, I believe, accidental; that is, w^ould not 
recur on a second trial. This was apparently the 
case with the plants of the fifth generation of Ipoma^a, 
and in one of the experiments with Dianthus. 
Nicotiana offers the most anomalous case of any, 
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as the self-fertilised iBowers on the fiarent plants, and 
on their descendants of the second and third genera- 
tions, produced more seeds than did the crossed 
flowers but we shall recur to this case when we treat 
of highR syelf-fertile varieties. 

It might have been expected that the difference in 
fertility between the crossed and self fertilised flcAvers 
WDuld have been more strongly marked in Table G, in 
which the plants of one set were derived from self- 
fertilised parents, than in Table F, in which flowers on 
the parent-plants were self-fertilised for the first time, 
lint this is not the case, as far as my scanty materials 
allow of any judgment. There is therefore no evi- 
dence at present, that the fertility of plants goes on 
diminishing in successive self-fertilised generations, 
although there is some rather weak evidence that 
this does occur with res])ect to their height or growth, 
,13ut we should bear in mind that in the later genera- 
tions the crossed plants had become morcf or less closely 
inter-related, and had been subj(H*ted all the time to 
nearlv uniform conditions. 

It is remarkable that there is no close correspondence, 
either in the parent-plants or in tlje successive genera- 
tions, between the F^Iative number of seeds produced 
by the crossed and self-fertilised flowers, and ^the 
relative powers of growth of the seedlings raided from 
such seeds. Thus, the erosscal and self-fertilised 
flowers on the parent-plants of Ipomaui, Gesneria, 
Salvia, Limnanthes, Lohtlia fulgens, and Nolana pro- 
ducec^a nearly etiiial number of seeds, yet the plants 
raised from the crossed seeds exceeded considerably in 
height those raised from the self-fertilised seeds. 
The crossed flowers of Liiiaria and Viscaria yielded 
far more seeds than the self-fertilised flowers ; and 
although the plants raised from tlie former were taller 
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than those from the latter, they were not so in any 
corresponding degree. With Nicotiaiia the flowers 
fertilised with their own pollen were more prodnctive 
than those crossed witii pollen from a slightly /liflferent 
variety ; yet fhe plaiits raised from* the Utter seeds 
were much taller, heavier, and more hardy than those 
rais6.d from the self-fertilised seeds. On tlie other 
hand, the crossed seedlings of Eschscholtzia wore 
neither taller nor heavier than the selfdertilised, 
although the crossed flowt^rs werii far more produe...ive 
than the self-fertilfsed. Ihit the l>(\st (evidence f a 
want of corrosj)ondenee iKitweeii the numher of ;:i*eds 
produced by crossed and self-fertilised flowers, and 
the vigour of the offspring raised from them, isaflbrded 
by the plants of the Brazilian and European stocks 
of Eschscholtzia, and likewise by certain individual 
plants of lleHoda odorata; for it might have been ex- 
])ectcd that tlie seedlings from plants, the flowers of 
which were ex»,x*ssively self-sterile, would have profited 
in a greater degree by a cross, than the seedlings from 
plants which were moderately or fully seJf-hu’tile, and 
therefore apparently had no need to be crossed. But 
no such result followed in either case: for instance, 
the crossed and self-fertilised offspring from a highly 
self-fertile plant of Eeseda odorata were in average 
height to each other as 100 to 82 ; whereas the similar 
offspring from an excessively self-sterile plant w('re as 
100 to 92 in average height. 

With respect to the innate fertility of the plants 
of crossed and self-fertilised parentage, given ju the 
previous Talde D — that is, the number of seeds pro- 
duced by both lots when their flowers were fertilised 
in the same manner, — nearly the same remarks are 
applicable, in reference to tlie absence of any close 
correspondence between their fertility and powers of 
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growtli, as in the case of the plants in the Tables P 
and ty, just considered. Thus the crossed and self-fer- 
tilised plants of Iponnea, Papaver, Reseda odoraia^ and 
Limnaujthes were almost equally fertile, yet the former 
exceeded .considerably in height thei self-fertilised 
plants. On the other hand, tlie crossed and self-ferti- 
lised plants of Mimiilus and Primula differed to an 
extreme degree in innate fertility, but by no means to 
a corresponding df^gree in height or vigour. 

In all the cas(‘S of self-fertilised flowers included in 
Tables E, P, and O, these were fertilised with their 
own pollen ; but there is another form of self-fertilisa- 
tion, viz., by pollen from other flowers on the same 
plant ; but this latter method made no difference in 
comparison with the former in the number of seeds 
produced, or only a slight <liftereiice. Xeitlier with 
Jligitalis nor Diantlius were more seeds produced by 
the one im^thod than by the other, to any trustworthy 
d(.‘gree. With Iponuca rather more seeds, in the pro- 
[)ortion of 100 to 01, w(‘re produced from a cross 
betw(‘en flow(‘rs on the same plant thaq from strictly 
self-fertilised flowers ; but 1 have reason to suspec.t that 
the result was accidental. With. Origanum vulgare^ 
however, a cross between flowers on plants propagated 
by stolons from the same stock certainly increased 
slightly their fertility. This likewise occurred, as wo 
shall sec in the next section, with Eschscholtzia, 
perhai)s with Corydalis cava and Oncidiinji ; but not 
so with Pignonia, Abutilon, Taberutemoiitana, Senecio, 
and ajyiarently Reseda odorata. 

Self-sterile Plants. 

The cases here to be described might have been 
introduced in Table P, which gives the relative fer; 
tility of flowers fertilised with their own pollen, and 
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with that from a distinct plant ; but it has been found 
more convenient to keep them for separate discussion. 
The. present cases must not be confounded with those 
to be given in the next chapter relatively tp flowers 
which are stewle when insects are exfcluded ; for such 
sterility depends not merely on the flowers being 
inca^ble of fertilisation with their own jadlen, but on 
mechanical causes, by which their pollen is prevented 
from reaching the stigma, or on the pollen and stigma 
of the same flower being matured at different periods. 

In the seventeenth chapter of my ‘Variation of 
Animals and Plants under Domestication ’I had occasion 
to enter fully on tlic present sTibJect ; and I will there- 
fore here give only a brief abstract of the cases there 
described, but others must be added, as they have an 
important bearing on the present work. Kolreuter 
long ago described plants of Verbaseum phoenicetm 
which during two years were sterile with their own 
jjollen, but wtre easily fertilised by that of ff»ur other 
species ; these ])lants however afterwards became more 
or less self-fe^ile in a strangely fluctuating manner. 
Mr. Scott also found that this species, as well as two of 
its varieties, were self-stc*rilc, as did (Partner in the 
case of Verbaseum nigrum. So it was. according to 
thi.s" latter author, with two plants of Lobelia fulgens, 
though the pollen and ovules of both were in an 
efficient state in relation to other species. Pive species 
of Passiflor^ and certain individuals of a sixth species 
have been found sterile with their own pollen; but slight 
changes in their conditions, such a§ being grafted on 
another stock or a change of temperature, rendered 
them self-fertile. Flowers on a completely self-im- 
potent plant of Passiflora alata fertilised with pollen 
from its own self-impotent seedlings were quite fertile. 
Mr. Scott, and afterwards*Mr. Munro, found that some 
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species of Oneidiiim and of Maxillaria cultivated in a 
hothouse in Edinburgh were quite sterile with their 
own pollen ; and Fritz Muller found this to be tlie 
case with a large number of ^ Orchidaceous genera 
gmwing in their native home of South Brazil,* He 
also discovered that the pollen-masses of some orchids 
acted on their own stigmas like a poison ; and it 
appears that Grartner formerly observed indications of 
this extraordinary fact in the case of some other 
plants. • 

Fritz Muller also states that a sj)ecies of Bignonia 
and Tabernmmontana echinata arc both sterile with 
their own pollen in their native country of Brazil, t 
Several Amaryllidaceous and Liliaceous plants -are in 
the same predicament. Hildebrand observed with care 
Corijdalis cava, and found it completely self-sterile 
but according to Caspary a few self-fertilised seeds 
are occasionally produced : Conjdalh halhn is onlv 
slightly self-sterile, and (7. intermedia iTot at all so. ^ 
Inaiu»ther Fumariaceous genus, Hyj)ecoum, Hildebraijd 
observed Ij that If. grandiflomm was higiily self-sterile, 
whilst If. prociinibens was lairly sel f-fertile. Tim nhergia 
alata kept by me in a warm greenhouse was self-sterile 
early in the seasoff, but at a later period produced 
many s})ontaneously self-fertilised fruits. So it was 
with Papaver vagum : another species, P. alpinwm^ was 
found by Professor 11. Hoffmann to ho quite self- 
sterile excepting on one occasion; If whikt P. somni- 
fenm has been with me always completely self-fertile. 

Esehscholtzm ccdifornica, — This species deserves a 
fuller consideration. A plant cultivated by Fritz 

* ‘ B(>t. Zeitung/ 1808, p. 114. § * Bdt. Zeitang,* June 27, 1873. 

t Ibid. 18(58, p. (520, uiitl 1870, H * Jahrb. Ittr wist*. Botaiiik,* 

p, 274. B. vii. p. 4(54. 

t ‘ lioport of the International ^ ‘ Zur Speoiosfrogc,’ 187T), 
Hoit. Congress,’ 1806. p. 47. 
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Miiller in South Brazil happened to flower a month l^efore 
any of the others, and it did not produce a single 
cajisulo. This led him to make further observations 
during the next six generations, and he found, that all 
his plants wete completely sterile, unless -they were 
crossed by insects or were artiticially fertilised with 
pollen from a distinct plant, in whicli case they were 
completely fertile.* I was much surprised at this fact, 
as I had found that English plants, whem covered by 
a net, set a considerable* number of capsules ; and that 
these contained seeds by weight, compar(*d with those 
on plants intercrossed by the bees, as 71 to ItK). 
Professor Hildebrand, however, found this species 
muchemorc self-sterile in Germany than it was with 
me in England, for the capsules produced by self- 
fertilised flowers, compared with those from intercrossed 
flowers, contained seeds in the ratio of only 11 to 100. 
At my request Fritz Muller sent me from Brazil se(*ds 
of his self-stefile plants, from which 1 raised seedlings. 
Two of these were covered with a net, and one produced 
spontaneously pnly a single capsule containing no good 
seeds, but yet, when artificially fertilised with its own 
pollen, produced a few capsules. The other ])lant pro- 
duced spontaneously under the not eight capsules, one 
of which contained no less than thirty seeds, and on 
an average about ten seeds per capsule. Eight flowers 
on these two plants were artificially self-fertilised, and 
produced seven capsules, containing on an average 
twelve seeds ; eight other flowers were fertilised with 
pollen from a distinct plant of the Brazilian stook, and 
produced eight capsules, containing on an average 
about eighty seeds : this gives a ratio of 15 seeds for 
the self-fertilised capsules to 100 for the crossed 


• ‘Dot. ZeituDg,’ 1868, p. 115, and 1869, p. 223. 
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capsules. llater in the season tweKe other flowers on 
those# two plants were artificially self-fertilised ; but 
they yielded only two capsules, containing three and 
six seeds. It appears therefore that a lower tem- 
perature* than tluit of Brazil favours the self-fertility 
of this plant, whilst a still lower temperature lessens it. 
As soon as the two plants which had been coverall by 
the net were uncovered, they were visited by many 
bees, and it was interesting to observe how quickly 
they became, even the more sterile plant of the two, 
covered witli young capsules. On the following year 
<‘ight flowers on jflants of the Brazilian stock of self- 
fertilised parentage (i.e., grandchildren of the plants 
which grew in Brazil) were again self-fertilised, and 
produced fiv<^ capsules, containing on an average 27*4 
Seeds, with a maximum in one of forty-two schkIs ; so 
that their self-fertility had evidently increased greatly 
by being reared for two generations in England. On 
tli(‘ w hole we may conclude that i)lants ojj the Brazilian 
sto(*k are much more self-fertile in this country than 
in Brazil, and less so than plants of the English stodc 
in England ; so that the plants of Brazilian parentage 
retainoil by inheritance some of their former sexual 
constitution. Conversely, seeds from English plants 
sent by me to Fritz Miilh'r and grow n in Brazil, were 
much more self fertile than his j)hints which had been 
cultivated there for several generations ; but he informs 
me that one of the jdaiits of English parentage wdiich 
did not flower the first year, and was thus exposed for 
tw o seasons to the climate of Brazil, proved quite self- 
sterildj like a Brazilian plant, showing how quickly 
the climate had acted on its sexual constitution. 

Abviihn dariviniL — Seeds of this plant were sent 
me by Fritz Muller, who found it, as well as some 
other species of the same genus, quite sterile in ifs 



334 


SELF-STERILE PLANi;S. 


Chap. IX. 


native home of iSoutli Brazil, unless fertilised with 
pollen from a ‘distinct plant, either artilicialty or 
naturally by humming-birds.* Several plants were 
raised from these seeds and kept in the hothouse*. 
They produced flowers very early ii^ the spring, and 
twenty of them were fertilised, some with j^ollon from 
the ^same flower, and some with pollen from other 
flowers on the same plants ; but not a single capsule 
was thus produced, yet the stigmas twenty-seven hours 
after the application of the pollen were penetrated by 
the pollen-tubes. At the same timfe nineteen flowers 
were crossed with pollen from a distinct }>lant, and 
these produced thirteen capsules, all abounding with 
fine seeds. A greater number of capsules would have 
been produced by the cross, had not some of the nine- 
teen flowers been on a jilant which was afterwards 
proved to be from some unknown cause completely 
sterile with pollen of any kind. Tims far these plants 
behaved exactly like those in Brazil ; but later in the 
season, in the latter part of May and in June, they 
began to produce umler a net a few spontaneously 
self-fertilised Vapsules. As soon as this occurred, 
sixteen flowers were fertilised with their own pollen, 
and these produced' five capsules, containing on an 
average 3 ‘4 seeds. At the same time 1 selected by 
chance four capsules from the uncovered plants grow- 
ing close by, the flowers of which I had seen visited 
by humble-bees, and these contained on an average 
21*5 seeds ^ so that the seeds in the naturally inter- 
crossed capsules to those in the self-fertilised capsules 
w;ere as 100 to 16. The interesting point in this casa 
is that these plants, which were unnaturally treated 
by being grown in pots in a hothouse, under another 

♦ ^ jenaisebe Zcilscbr. fiir Natarwiss.’ B. vii. 1872, p. 22, and 1873, 
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hemisphere, with a complete reversal of the seasons, 
wereP thus rendered slightly self-fertile, whereas they 
seem always to be completely self-sterile in their 
native home. 

Semhio erueutus {greenhouse varieties, commonly 
called Cinerarias, probably derived from several friiticose 
or herbaceous species much intercrossed ^). — Two purple- 
flowered varieties were placed under a net in the 
greenhouse, and four corymbs on each were re- 
peatedly brushed with flowers from the other plant, 
so tliat their stigmas were well covered with each 
otlior’s pollen. Two of the eight corymbs thus treated 
produced very few seeds, but the other six produced * 
on an average 41 * 3 seeds per corymb, and theije ger- 
minated well. The stigmas on four other corymbs, on 
both plants were well smeared with pollen from the 
flowers on their own corymbs ; those eight corymbs 
jiroduced altogether ten extremely poor seeds, which 
proved incapable of germinating. 1 examined many 
flowers on both plants, and found the stigmas sponta- 
neously covered with pollen ; but they produced nof^a 
single seed. These plants were afterwards left un- 
covered ill the same house where many other Cinerarias 
were in flower ; amj^the flower? were freipiently visited 
by bees. They then produced plenty of seed, buf one 
of the two plants less than the other, as this species 
shows some tendency to be dimeious. 

The trial was repeated on another variety with 
white petals tipped with red. Many stigmas on two 
(Corymbs were covered with pollen from the foregoing 
purpfe variety, and these produced eleven and twenty- 

* I am much obliged to Mr. lieves that Senecio eruentus^ tun- 
Moore and to Mr. Tliiselton Dyer silafjinis, and perhaps herititri. 
for giving me information with inaderenm and populf/olitts huve 
respect to the varieties on wliich all been more or less blended io- 
I extierimented. Mr. Moore be*- gether in our Cinerarias. 
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two seeds, which germinated well. A large nuifiber of 
the stigmas on several of the other corymbs weift re- 
peatedly smeared with pollen from their own corymb ; 
but they yielded only five very poor seeds, which were 
inca])able of germination. ThereforCithe above three 
plants belonging to two varieties, tliough growing 
vigoi;oiisly and fertile with pollen from either of the 
other two plants, were utterly sterile with pollen from 
other flowers on the same plant. 

Beseda odorata , — Having observed that certain in- 
dividuals were self-sterile, I eo\Wed during the 
summer of 1808 seven plants under separate nets, and 
will call those plants A, B, C, 1), K, F, G. They all 
appeared to be quite sterile with their own jxdlen, 
but fertile with that of any other plant. 

Fourteen flowers on A were crossed with pollen 
from B or C, and produced thirteen fine eajjsules. 
Sixteen flowers were; fertilised with ])ollen from other 
flowers on thp same plant, but yielded not a single 
capsule. 

•'Fourteen flowers on B were crossed with jxdlen 
from A, C, or*D, and all produced ca})Sulos ; some of 
these were not very fine, yet they contained plenty of 
seeds. Eighteen flo*wi‘*/s were fei'tilised with pollen 
from otheu’ flowers on the same plant, and produced 
not one capsule, • 

Ten flowers on C were crossed with pollen from A, 
B, 1), or E, and produced nine fine capsules. Nineteen 
flowers were* fertilised with pollen frou) other flowers 
on the same j^lant, and produced no capsules. 

Ten flowers on J) were crossed with pollen*’ from 
A, B, C, or E, and j^i’^^duced nine fine caj^sules. 
Eighteen flowers were fertilised with pollen from other 
flowers on the same plant, and produced no capsules. 

• Seven flowers on E wtTe crossed with pollen from 
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A, C, *01 D, and all produced fine# capsules. Eight 
flowers were fertilised with pollen from other flowers 
on the same plant, and produced no capsules. 

On the plants F and G no flowers were crossed, but 
very many (number not recorded) were fertilised with 
])olloufrom other flowers on the same plants, and these 
did not produce a single capsule. 

We thus sec that fifty-five flowers on five of the 
above plants were reciprocally crossed in various ways ; 
several flowers on each of these plants being ferti- 
lised with pollen from several of the other plants. 
U'lu'se fifty-five flowers produced fifty-tw^o capsules, 
almost all of which w’ere of full size and contained 
an abundance of seeds. On the other hand, se^^enty- 
iiine flowers (besides many others not recorded) were 
fertilised with pollen from other flowers on the same 
plants, and these did not produce a single capsule. 
In on(‘ case in which I examined the stigmas of the 
flowers fertilised with their own polleii^ these \\er(^ 
penetrated by the pollen-tubes, although such pene- 
tration produced no efl'ect. Pollen falls generally^ 
and I believe always, from the anthers on the stigmas 
of the same flower; yet only three out of the 
above seven ]>rotect(id plants produced spontaneously 
any capsules, and these it might have been thought 
must have been sclf-fertiliSed. There were altogether 
seven such capsules ; but as they w^ere all seated close 
to the artificially crossed flowers, I can hardly doubt 
that a few grains of foreign pollen had accidentally 
fallen on their stigmas. Besides the above seven 
plants,*four others wore kept covered under the same 
large net; and some of these produced here and 
there in the most capricious manner little groups 
of capsules ; and this makes me believe that a l>ee, 
many of which settled on the outside of the net, being* 

z 
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attracted by the^odour, bad on some one <A>casioii 
found an entrance, and had intercrosscid a iew of tin* 
flo\v(n\s. 

In the spring of 18G9 four plants raised from fresh 
seeds w(n*e carefully 'protectc*d under separate mds; 
and now the result was widely difhu’ent to what it was 
befx'e. Three of these protected plants Ix^ciame actually 
loaded with capsuh^s, especially during the early part 
of the summer; and this fact indicates that tempera- 
ture produces some effect, but the (‘xpu’iment given 
in the following ])aragraph shows that the innate con- 
stitution of the plant is a far mi)r(.‘ important element. 
The fourtli plant prodii(*ed only a ffnv capsules, many 
of them of small size ; yet it was far more self-fertile 
than any of the seven plants tried during the previous 
year. The flowers on four small branches of this 
semi-self-sterile plant W(*re smean^d with polhm from 
one of the other plants, and tlu^y all produced tine 
•capsules. 4 

As I was much surprised at the diflenaice in the 
results of the trials made during the two previous 
years, six fresh plants were prot(a;ted by separate nets 
in the year 1870. Thvo of th(?s<i proved almost com- 
pletely self-sterile, foi'"on carefully searching them I 
found only three small capsules, each containing either 
one or two seeds of small ^ize, whicdi, however, ger- 
minated. A few flow(n\s on both these plants were 
reciprocally fertilised with each other’s pollen, and 
a few with pollen from one of the following st*lf- 
fertile plants, and all these flowers produced fine ' 
(iapsiiles. The four other plants whilst still remaining 
protected beneath the nets presented a wonderful 
contrast (though one of them in a somewhat less 
degree than the others), for they became actually 
covered with spontaneously self-fertilised capsules, as 



SeLP-STEKIIiE PLANTS. 


Chap. IX. 


339 


nuniert)iis as, or very nearly so, and as fine as those 
on the unprotected jdants growing near. 

The ah(»ve three spontaneously self-fertilised cap- 
suh^s produced by the ‘ two almost completely self- 
sterile plants, contained altogether fi^e seeds; and 
from these I raised in the following year (1871) five 
l>Iants, which were kej)! under separate nets. They 
grew to an extraordinarily large size, and on August 
29th were examined. At first sight they appeared 
entirely destitute of capsules ; but on carefully search- 
ing their many branches, two or three caj)sulos wer (3 
found on three of the plants, half-a-dozcm on the 
fourth, and about eighteen on the fifth plant. But all 
th(‘sc capsules w('re small, some being empty^ the 
gn^ater numl)er contained only a single seed, and very 
randy mon^ than one. After this examination tlie 
nets were taken oif, and the bees immediately carried 
pollen fnan one of these almost s(df-sterile plants 
to the other, for no otlier plants grew luw. After » 
few weeks the ends of the branches on all five plants 
became covm’od with ca 2 )sules, presenting a curiou!? 
contrast with the lower and nak(‘d partS of the same 
long branches. These five plants therefore inherited 
almost exactly the ^aino scxint! constitution as their 
jiarents ; and without doubt a self-sterile race •of 
Mignonette could have be^n easily established. 

Iteseda luiea . — riaiits of this species were raised 
from so(ids gathered from a group of wild plants grow- 
ing at no great <listance from my garden. After 
casually observing that some of these plants were self- 
sterile, tW'O plants taken by hazard were protected 
under separate nets. One of these soon becann^ 
covered with spontaneously self-fertilised cai)sules, as 
numerous as those on the surrounding unprotected 
plants; so that it was evidently quite self-fertile.* 

z 2 
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The other plant was partially self-sterile, proHucing 
very few ca])sules, many of which were of ^niall 
size. AVhcn, however, this plant had grown tall, 
the iipporniost branches became pressed against the 
net and grew^ crooked, and in this position the bees 
were able to suck the flowers through the meshes, and 
brought pollen to them from the neighbouring plants. 
These branches then became loaded with capsules ; 
the other and Igwer branches remaining almost bare. 
The sexual constitution of this species is therefore 
similar to that of Reseda odorata. 

Conchidhuf Remarls on setf-sierile Pla7its. 

In order to favour as far as possible the self-fer- 
tilisation of some of the foregoing plants, all the 
flowers on Beaeda odorata and some of those on the 
Abutilon were fertilised with polhm from other 
•flowers on tlpe same jdant, instead of with their own 
pollen, and in the case of the Senecio with ])ollen from 
<:ither flowers on the same corymb ; but this made no 
(lifference in the result. Fritz ]\Iull(^r tried both kinds 
of self- fertilisation in the case of Bignonia, Tabernai- 
montana and Abutilon; likewise with no difference in 
the result. With Es(!hscholtzia, however, he found 
that pollen from other fldwers on the same plant 
was a little more eflective than pollen from the 
same flower. 8o did Hildebrand* in Germany ; as 
thirteen out of fourteen flowers of Eschscholtzia thus 
fertilised set capsules, these containing on an average 
9 • 5 seeds ; whereas only fourteen flowers out of twenty- 
one fertilised with their own pollen set capsules, 
these containing on an average 9*0 seeds. Hildebrand 


• ‘ Pjingsheim’8 Jahrbuelii fiir wiss. Bolanik,* vii. p. 467. 
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foimcl a trace of a similar difforeti^co with Corydalis 
cava, as did Fritz Muller with an Oimidium.* 

In considering the several cas(3S above givcm of 
complete or almost coinj)lete self-sterility, we are first 
struck witJi their wide distribution throughout the 
vegetable kingdom. Their number is not at ]»resont 
largo, for thcjy can be discov(u*ed only by protecting 
plants from insec^ts and then fertilising them with 
pollen from another plant of the same species and with 
their own pollen > and the latter must bo proved to 
be in an ellicient state by other trials. Unless all 
this be (lorn*, it is impossible to know whether their 
self-sterility may not be due to the male or female 
reproductive organs, or to both,*having bocui afiected 
by changed conditions of life. As in the course of my 
experiments I have found three new cases, and as Fritz 
]\[uller lias observcxl indications of several others, it is 
probable that they Avill hereafter be ]>roved to be far 
from rare.f 

As with plants of th« same species and parentagp, 
some individuals are self-steril(3 and otl^pi’s self-fin'tiloii, 
of which fact Itemla odorata offers the most striking 
instances, it is not at all suj;prising that species of 
the same genus differ in this same manner. Thus 
Verhancum plweniceMm and nigrum are self- sterile, whilst 
F. thajmis and hjehnitiH are quite self-fertile, as 1 
know by trial. There is the samij difference between 
some of the species of Papaver, Corydalis,iand of other 
genera. Nevertheless, the tendency to self-sterility 
certainly* runs to a certain extent in groups, as we see 

* * Variation under Domesti- Ohi-onicle/ 1868, p. 1286) states 
cation,’ chap. xvii. 2nd tsdit. vol. that Lilium auratum, Impatitm 
ii. pp. 1J3-I15. jKillida and fulva, and Forsuthia 

t Mr. Wilder, tlie editor of a viridisifima, cannot bo fertilised 
horticultural journal in the United with their own pollen. • 

States ((pioted in ‘ Gardeners’ 
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hi the genus Pas^flora, and with the Vandea} amongst 
Orchids. 

S^lf-sterility differs much in degree in . different 
plants. In those extraordinary cases in whicji pollen 
from the sameitlower acts on the stigma like a poison, 
it is almost certain that the plants would never yield a 
single self-fertilised seed. Other plants, like Corydalis 
cava, occasionally, though very rarely, produce a few 
self-fertilised seeds. A large number of sj)ecies, as 
may be seen in Table F, are less fertihi with their own 
pollen than with that from another plant ; and lastly, 
some species are perfectly self-fertile. Even with the 
individuals of the same species, as just remarked, 
some ure utterly self-%terile, others moderately so, and 
some perfectly self-fertile. The cause, whatever it may 
be, which renders many plants luore or less sterile 
with their own pollen, that is, ^sheii they are self- 
fertilised, must be different, at least to a certain extcmt, 
from that whfch determines the difference in height, 
vigour, and fertility of the seedlings raised from self- 
fertilised amV crossed seeds; for we have already 
seen that the two classes of cases do not by any means 
run parallel. This.- w^nt of paralhJism would be 
int(?lligible, if it could be shown that self-sterility 
depended solely on the incapacity of the pollen-tubes 
to penetrate the stigma of the same flower deeply 
enough to reach the ovules ; whilst the greater or less 
vigorous growth of the seedlings no doubt depends on 
the nature of the contents of the pollen-grains and 
ovules. Now it is certain that with some plan,ts the 
stigmatic secretion does not properly excite the pollen- 
grains, so that the tubes are not properly developed, 
if the pollen is taken from the same flower. This is 
t|je case according to Fritz Muller with Eschscholtzia, 
for he found that the pollen-tubes did not penetrate 
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the stfgma deeply ;* and with the Oi:cliidaceoiis genus 
Notylia they failed altogether to penetrate it. 

With dimorphic and trimorphic species, an illegiti- 
mate unjoii betwe^en plants of the same form presents 
the closest analogy with self-fertilisf^ion, >vliilst a 
legitimate union closely resembhis cross-fertilisation; 
and here again the lessened fertility or complete 
sterility of an illegitimate union depends, at least in 
part, on the incapacity for interaction between the 
j)ollen-grams and. stigma. Thus with Linum <jrandi- 
Jlorum, as I have elsewhere shown,! not more than two 
or three out of hundreds of pollen-grains, either of the 
long-styled or short-^styled form, when placed on the 
stigma of their own form, emit tlicir tubes, and, these 
do not penetrate de(‘])ly; nor does the stigma itself 
change colour, us occurs when it is legitimately 
fertilised. 

On tlie other hand the diiferenco in innate^ fertility, 
as well as in growth between plants raisefl from crassod 
and self-fertilised s(.‘e(ls^ind the difference in fertility 
and growth between the legitimate and illegitimal;^ 
oftsjjring of dijnorphic and trimorphic plants, must 
depend on some incompatibility .between tlie sexual 
elements contained wthin the pollen-grains and ovules, 
as it is through their union that new organisms* are 
developed. 

If we now turn to the more immediate cause of 
self-sterility, we cleaj*ly see that in most Ciiscs it is de- 
termined by the conditions to which the plants have 
been subjected. Thus Eschscholtsiia is completely self- 
sterile in the hot climate of Brazil, but is perfectly 
fertile there with the pollen of any other individual. 
The offspring of Brazilian phints became in England 

* ‘Bot. Zeitung,* 1868, pp. 114, t ‘Joumal of Linn. Soc. Boi* 
115. vol. vii. 1863, pp. 73-75. 
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in a single genemtion partially self-fertile, anil still 
more so» in the second generation. Conversely, the 
offspring of English plants, after growing for two 
seasons in Brazil, became in the first geiieration (piite 
self-sterile. Again, Abutilon darwmii^ whi(;h is self- 
sterile in its native home of Brazil, btxnime mode- 
rately self-fertile in a single generation in an English 
hothouse. Some other plants are self-sterile during the 
early part of the year, and later in the setison l>e(rome 
self-fertile. Femifiora alata lost its ^self-sterility when 
grafted on another species. With Reseda, however, 
in which some individuals of the same parentage are 
self-sterile and others are self-fertile, we are forced in 
our ignorance to speak of the cause as due to sjkui- 
taneous variability ; but we should remember that the 
progenitors of these plants, either on the male or 
female side, may have been exposed to soimjwhat 
<liflerent conditions. The power of the environment 
thus to affcctcso readily and in so }>eculiar a manner 
the reproductive organs, is fact which has many 
i^iportant bearings; and 1 have therefore* thouglit 
the foregoing details worth giving. For instance, the 
sterility of many animals and plants under changed 
conditions of life, suclf as coiifiiieui/nit, evidently conies 
within the same general principle of the sexual 
system being easily affected* by the environment. It 
has already been proved, that a cross between plants 
which have been self-fertilised or intercrossed during 
several generations, having been kept all the time 
under closely similar conditions, does not ^lenefit 
the offspring; and on the other hand, that a cross 
between plants that have been subjected to different 
conditions benefits the offspring to an extraordinary 
degree. We may therefore conclude that some degreci 
of differentiation in the sexual system is necessary for 
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the full fertility of the parent-plants and for the full 
vigour of tlieir offspring. It seems also probable that 
with thos(i plants whicli are capable of complete self- 
fertilisation, the male and female elements and organs 
alrtiady differ to an extent sufficient ^o excite their 
mutual interaction ; but that when such plants are 
taken to another country, and become in consequence 
self-sterile,- their sexual elements and organs are so 
acted on as to be rendered too uniform for such inter- 
action, like those of a self-fertilised plant long 
cultivatcid under the same conditions. Conversely, we 
may further infer that plants which are self-sterile in 
th(ur native country, but become self-fertile under* 
changed conditions, have their sexual elements sjp acted 
on, that they become sufficiently differentiated for 
mutual interaction. 

Wo know that self-fertilised seedlings are inferior in 
many n^spects to those from a cross ; and as with 
plants ill a state of nature pollen 4rom the same 
flower can hardly fail^o be often left by insects or by 
the wind oil the stigma, it seems at first sight highly 
probable that self-sterility has been gradually acquired 
through natural selection in order to prevent self- 
fertilisation. It is no valid' ^objection to this belief 
that the structure of some flowers, and the dichogtftnous 
condition of many (others, suffice to prevent the pollen 
reaching the stigma of the same flower ; for we should 
remember that with most species many flowers 
expand at the same time, and that polfen from the 
same plant is equally injurious or nearly so as 
that from the same flower. Nevertheless, the belief 
that self-sterility is a quality which has been gradually 
acquired for the special purpose of preventing self- 
fertilisation must, 1 believe, be rejected. In the 
first place, there is no close correspondence in degree 
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between the sterility of the parent-plants when self- 
fertilised, and the extent to which their offspring suffer 
in vigour by this j)rocess; and some such correspon- 
dence might have been ex2>ected if self-steriljty had 
been acquired qn account of the injury caused by self- 
fertilisation. The fixct of individuals of the same 
paren'tage differing greatly in their degree of self- 
sterility is likewise o}>posed to such a belref ; unless, 
indeed, we suppose that ct^rtain individuals have 
been rendered self-sterile to favqur intercrossing, 
whilst other individuals have been rendered self- 
fertile to ensure the pro])agation of the spetdes. Tlie 
*fact of self-sterile individuals appearing only o(‘ca- 
sionallr, as in the case of Lobelia, does not counte- 
nance this latter view. But tlie strongest argunumt 
against the belief that s(df-sterility has been acquired 
to prevent self-fertilisation, is tlie immediate and 
powerful effect of changed conditions in either causing 
of ill removiifg self-sterility. Wo are not therefore 
justified in admitting that thv: j)eculiHr state of the 
r(^])roductive system has been gradually acquired 
through natural selection ; but we must look at it as 
an incidental result,, dependent on the conditions to 
which the plants have been subjected, like the ordinary 
sterility caused in the case of animals by confinement, 
and in the case of plants by too much manure, heat, (S:c. 
I do not, however, wish to maintain that self- sterility 
may not sometimes be of service to a plant in preventing 
self-fertilisation ; but there are so many other means 
by which this result might be prevented or rendered 
difficult, including as we shall see in the next cha})ter 
the prepotency of pollen from a distinct individual 
over a plant’s own ix)llen; that self-sterility seems an 
almost superfluous acquirement for this purpose. 

Finally, the most interesting point in regard to self- 



Chap. IX. SEtF-FERTILE VAIHETIES. 347 

• 

sterile* plants is ’the evidence which ithey afford of the 
advantage, or rather of the necessity, of som^ degree or 
kind of differentiation in the sexual elements, in order 
that they should unite aiid give birth to a new being. 
It was ascertaintfd that the five ^ants oi^Reseda odorata 
>\'hich Avero selected by chance, could be perfectly 
fertilised by ])ollon taken from any one of then», but 
not b}’^ theit own pollen ; and a few additional trials 
Avere made Avith some other individuals, which I have 
not thought Avortt recording. So again, Hildebrand 
and Fritz Muller frequently speak of self-sterile plants 
being fertile Avith tln^ pollen of any other individual ; 
and if there had been any exceptions to the rule, these 
<*()uld hardly have escaped their observation aflid my 
oAA'ii. We may therefore confidently assert that a 
8(df-sterilo plant can be fertilised by the pollen of any 
one out (»f a tliousand or ten thousand individuals of 
the same species, but not by its oavii. Now it is 
obviously impossible that the sexuak organs and 
elements of every indivvjual can have been specialised 
Avith respect to every other individual. But theie 
is no difficulty in belicAung that the sexual elements 
of ea(.*h differ slightly in tlie same diversified manner 
as do their external #cluiracters^ and it has often been 
remarked that no tAvo individuals arc absoliftely 
alike. Therefore we can hardly avoid the conclusion, 
that difierences of an analogous and indefinite nature 
in the reproductive ^system are sufficient to excite the 
mutual action of the sexual elements, and that unless 
therejbe such diflerentiation fertility fails. 

The appearance of highly self fertile Varieties, — We 
have just seen that the de{^’ee to which flowers are 
capable of being fertilised with their own pollen differs 
much, both with the species of the same genus, and 
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sometimes with the individuals of the same species. 
Some allied cases of the appearance of varieties w'nich, 
when self-fertilised, yield more? seed and produce off- 
spring growing taller than their self-fertilised parents, 
or than the iq,tcrcros^ed j)lants of the corresponding 
generation, will now be considen^d. 

Ficstlv, in the third and fourth wnerations of 
Miynulus hdeua, a tall variety, often alliuk^d to, 
having larg(i white flowers blot(‘h(‘d with crimson, 
appeared amongst both the inttTe.rossi‘d and self- 
fertilised plants.- It ju’evaihid in all the later S(df- 
fertilised generations to the exclusion of ('very other 
variety, and transmitted its characters faithfully, but 
disappeared from the intercrossed plants, owing no 
doubt to tludr charaettTs being r(^p(»atedly bh'iuhid by 
crossing. The self-f(?.rtilised plants belonging to this 
variety were not only taller, but more fertile tlian tJie 
intercrossed plants ; though these latter in the earlier 
generations wc-re mu(?h talliT and more fertile than tlie 
self-fertilised plants. Thus in^J:he fifth generation the 
self-fertilised plants were to the intercrossed in Innght 
as 126 to lOO, In the sitth gemmation they were 
likewise much tall(3r and filler plants, but were not 
actually measured ; they produced* (*upsiiles compared 
with those on the intercrossed plants, in number, as 147 
to 100; and the self-fertilised capsules contained a 
greater number of seeds. In the seventh generation 
the self-fertilised plants were to the crossed in height 
as 137 to 100 ; and twenty flowers on these self-for- 
tilised plants fertilised with their own pollen yjelded 
ninete(m very fine capsules, — a degree of self-fertility 
which I have not seen equalled in any other case. This 
variety seems to have bec<i;me specially adapted to prcjfit 
in every way by self-fertilisation, although this process 
was so injurious to the pirent-plants during the first 
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four generations. It should however bo remembered 
that Seedlings raised from this variety, when crossed by 
a fresh stock, were wonderfully superior in height and 
fertility to the self-fertili*sod plants of the corresponding 
geueration. 

Secondly, in tne sixtn seii-ieruiisca generation of 
Ipomoia a single plant named the Hero appeared, which 
exceeded by a little in height its intercrossed opponent, 
— a case whieli had not occurred in any previous 
generation. Hero transmitted the peculiar colour of 
its llowers, as well as its increased tallness and a high 
degree of self-fertility, to its children, grandchildren, 
and great-grandchildrcni. The self-fertilised children* 
of Hero were in height to other self-fertilised j)lants 
of the same stottk as 100 to 85. Ten self-fertilised 
capsules produced by the grandcluldren contained on 
an average 5 * 2 seeds ; and this is a higher average 
than was yielded in any other generation by the 
capsules of self-fertilised flowers. Th# great-grand- 
children of Hero derived from a cross with a fresh 
stock w’(ire so unhealthy, from having been grown 'at 
an unfavourable season, that their average height in 
comparison with that of the self-fertilised plants 
cannot bo judged ,(^* with ari f safety ; but it did not 
appear that they had profited even by a cross of^ this 
kind. 

Thirdly, the plants of Nicotiana on which I experi- 
mented appear to ^ come under the present class of 
cases ; for they varied in their sexual* constitution 
and ^were more or less highly self-fertile. They 
were probably the offspring of plants which had been 
spontaneously self-fertilised under glass for several 
generations in this country. The flowers on the 
parent-plants which were first fertilised by me with their 
own pollen yielded half again as many seeds as did 
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those wliicli were,, crossed ; and the seedlings * raised 
from these self-fertilised seeds exceeded in height 
those raised from the crossed seeds to an ('xtraordinary 
degree. In the second and third generations, although 
the self-fertilised plants did not exceed tlu^ crossed in 
height, yet their self-fertilised flowers yielded on two 
occasions considerably more seeds than the crossed 
flowers, even tlian those which were crossed, with pollen 
from a distiiud stock or variety. 

Lastly, as certain individual oi Urmia odorafu 

and lutra are incomparably more soli-hu'tihi than other 
individuals, the former might be ineduded under the 
' present heading of tlu.^ appearance of ntnv and highly 
self-fertile varieties, lint in this ease wi‘ should have 
to look at these two sjM.‘cies as normally self-sterile ; 
and this, judging by my experience, apoears to be tin; 
correct view. 

We may therefore co' dude from the facts now given, 
that varieties*. sometimes arise whicdi wlwii self-fer- 
tilised possess an increased pow( c of prodiudng seeds 
arfd of growing to a great(*r height, than the inter- 
crossed or self-fertilised jdanls of tlie eorrespoiidijig 
generation — all the idants being of course subjected 
to the same conditions. The J4.p[)earance of siudi 
varieties is interesting, as it bears on the existence 
under nature of plants which’ regularly fertilise tlnmi- 
selves, such as Oj^hrys ajnfera and a few other orchids, 
or as Leersia oryzoiden, which produces an abundance 
of cleistogeiie flowers, but most rarely flowers cajuible 
of cross-fertilisation. 

Some observations made on other plants leaci im* 
to suspect that self-fertilisation is in some respects 
beneficial ; although the ibeneflt thus derived is as a 
rule very small compared with that from a cross with 
a distinct plant. Thus wx^have seen in the last chapter 
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tliat seedlings of Ipomoea and Mimulus raised from 
flowers fertilised with their own pollen, which is the 
strictest possible form of self-fertilisation, were superior 
in height, weight, and in early flowering to the seedlings 
raised from flowers crossed with pollen from othrr flowers 
on the same plant ; and this superiority apparently was 
too strongly marked to be accidental. Again, the cul- 
tivated vajdetic^s of the common })ea are highly self- 
fertile, altliougli they have been self-fertilised for many 
generations; and they excciided in height seedlings 
from a cross betwreeii two plants belonging to the same 
variety in the ratio of 115 to 100 ; but then only four 
pairs of plants were measured and compared. The* 
self-fertility of Prihvula veris increased after several 
g(‘n(jratioiis of illegitimate fertilisation, whicli is a 
]iro(Miss (dosely analogous to self-fertilisation, but only 
as long as th(3 plants were cultivated under the same 
favourabh^ (roiiditious. I have also elsewhere shown* 
that with Prlumhi' vi^ris and equal-styled 

varieties* occasionally appear which possess the sexual 
organs of the two forms combined in the same flowm*. 
(Junsoqiiently they fertilise themsc. /es*in a legitimale 
manner and are highly s^.lf-fertih? ; but the remarkable 
fiKJt is that they are^ rather iiic^e "fertile than ordinary 
])lants of the same species legitimately fertilised by 
pollen from a distinct incKvidual. Formerly it appeared 
to m(^ probable, that the increased fertility of these 
dimorphic plants might be accounted for by the stigma 
lying so close to the anthers that it was infpregnated at 
tlie most favourable age and time of the day ; but this 
explanation is not applicable to the above given cases, 
ill which the flowers were artificially fertilised with 
their own pollen. 


♦ ‘ Journal Linn. Soo. Bot.’ vol. x. 1867, pp. 417, 419. 
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Considering the facts now adduced, incliidij.g the 
appearance of those varieties which are more ft‘rtile 
and taller than their parents and than the intercrossed 
plants of the corresponding generation, it is difficult 
to avoid tlie suspicion»that self-fertilisation is in sonu* 
respects advantageous; though if this be really the 
case, any such advantage is as a rule quite insignifi- 
cant compared with that from a cross witl^ a distinct 
plant, and especially with one of a fresh stock. Should 
this suspicion be hereafter verified, it would throw 
light, as we shall see in the next clnVpter, on the exist- 
ence of plants bearing small and inc()ns])ieuous flowers 
» which ar(i rarely visited by insects, and thertdbre are 
rarely intercrossed. 

Relative Weight and Period of Germmation of Seeds 
from crossed and selffertilised Flowers. — An equal 
number of seeds from flowers f<*rtilist.‘d with pollen from 
another plant, ^iiid from flowers fertilised with their t»wn 
pollen, were weighed, but only in sixteen casi\s. Their 
relative weights are giv(.‘n in the following list ; that 
oi the seeds froln the crossed flowers being taken as 100. 


Ipomffia purpurea (parent ])laiit.^ ^ 

„ „ (third generaSon). , . ^ ^ . 

Snlvia(£occinea 

Brassica oleracea 

Iheris umbel lata (second generation) . ’ 

Delphinium cousolida 

Hibiscus africanus 

Tropa:olum minus 

Lath yr us odoratus (about) . 

Sarothamnus scoparius 

Specularia speculum 

Jlsemophila insignis 

Borago officinalis 

Cyclamen jiersicum (about) . . . 

Fagopyrum esculentum 

Canna warscewiezi (three generatidli.s) 


as 100 to 127 


» 

»» 

>» 




»» 

» 

>» 


>» 

79 

77 

77 

77 

77 

77 

77 

77 

,s 

»» 

» 

77 

77 


87 
100 
loy 
130 

47) 

105 

115 

100 

88 
80 

105 

111 

50 

82 

102 


•It is remarkable that in ten out of these sixteen 
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cases Hhe self-fertilised seeds were gither superior or 
equa> to the crossed in weight ; nevertheless, in six out 
of the ten cases (viz., with Ipomoea, Salvia, Brassica, 
Tropaeolum, • Lathyrus, land Nembphila) the plants 
raised from thesaself-fertilised seeds were very inferior 
in height and in other respecjts to those raised from the 
crossed seeds. The superiority in weight of the •self- 
fertiliged»SQieds in at least six out of the ten cases, 
nameJ y, with Brassica, Hibiscus, TropaBolum, N emophila, 
Borage, and Caniia, may be accounted for in part by 
the self- fertilised capsules containing fewer seeds ; for 
w^hen a capsule contains only a few seeds, these will be 
apt to be better nourished, so as to be heavier, than 
wh(‘n many are contained in the same capsule. It 
should, liowever, be obs(u*ved tliat in some of the above 
cases, in wliich the crossed steeds were the heaviest, as 
with Sarothaninus and Cyclamen, the crossed capsules 
contained a larger number of seeds. Whatever may be 
the explanation of the self-fertilised seeds being often 
the h(‘n\icst, it is remarkable in the case of Brassica, 
Tropaoolum, Nemophila, and of the first generation bf 
Ipomma, that the seedlings raised frtSii them were 
inferior in height and in other respects to the seed- 
lings raised from crossed fS^eds. This fact shows 
hoAv superior in constitutional vigour the crossed seed- 
lings must have been, fdr it cannot be doubted that 
heavy and fine seeds tend to yield the finest plants. 
Mr. Galton has shown that this holds good with Lathyrm 
odoratus; as has Mr. A. J. Wilson wdth the Swedish 
turnrg, Brassica cam'pestris ruta haga. Mr. Wilson 
separated the largest and smallest seeds of this latter 
plant, the ratio between the weights of the two lots 
being as 100 to 59, and he found that the seedlings 
“from the larger seeds took the lead and maintained 
their superiority to the last, both in height and thick- 

2 A 
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ness of stein.”* Nor can this difterence in the f^rowth 
of the seedling turnips he attributed to the h(*avier 
seeds having been of crossed, and the Kghtor of S(df- 
fertilised origin, fol- it is knoWn tliat plants belonging 
to this genus are habitually intercrossf^d by insecjts. 

With respect to the relative period of go^rmination of 
crossed and self-fertilised seeds, a record wars kiipt in 
only twenty-one cases ; and the results arc very ]:)er- 
plexing. Xeglectiiig one case in which the two lots 
germinated simultaneously, in ten cases or exactly one- 
half many of the self-fertilisiid seeds germinated before 
the cross(Ml, and in thci other half many of the crossed 
> before the self-lertiliscMl. In four out of these twenty 
cases, seeds derived from a cross with a fresli stock 
were ccunparod withscdf-fcrtilised s(‘(‘ds from oiU‘ of the 
later self-fertilised generations ; and here again in half 
the cases the crossed s(?eds, and in the otlier lialf the 
•selWertilised seeds, germinated first. Yet the seedlings 
of Mimulus r-uised from such self-fc^rtilised seeds were 
inferior in all respects to the crossed seedlings, and in 
the case of Kschscholtzia they w'(U’e inferior in fertility. 
iJnfortunatelj^the relative weight of the twM) lots of 
seeds was ascertained in only a few^ instance's in which 
their germination was Vibscrved ; but w ith Ipomceaand 
1 believe with some of the other species, the relative 
lightness of the self-fertilised seeds apparently deter- 


* ‘ Gardeners* Olironiole,* 18G7, 
p« 107. Loisrleiir'Desloiij^clmiJip 
C LexCerealeu/ 1842, pp. 208-210) 
was led by his observations to 
the extraordinary conclusion that 
the siuullcr grains of cenmls pro- 
duce as lino plants us the large*. 
This concliisiou is, liowever, con- 
tradicted by Major Hallot’s gre^t 
success in improving wheat by 
tlie selection of the iinost grains. 
It is possible, however, that rusni, 


by loTig-continncd selection, may 
have given to the grains of the 
cereals a grtjnter nmonnt of starch 
or other matter, than tbo seed- 
lings can utilise for their ; growth. 
There can bo little doubt, as 
Humboldt long ago remarked, 
that tl»e grains of (x^reals have 
been rendered attractive to birds 
in a degree which is highly in- 
jurious to the species. 
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mined^tlioir early gemination, probjibly owing to tin* 
sniallter mass being favourable to the more rapid com- 
pletion of the chemical and morphological changes 
necessary for germinatihn. On the other Jiaiid, Jlr. 
Oalton gavemo«eeds (no doubt all self-fertilised) of 
Lathyrm odoratm, which were divided into two lots oi‘ 
heavier and lighter seeds ; and several of the former 
germbiated*first. it is evident that many more observa- 
tions arii necessary before anything can be decided 
with respect to the relative period of germination of 
crossed and self-fertilised seeds. 
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CHAVTEK X. 

Means of Fertilisation. 

St(M-ility and fertility of jdantawhen insijcts arc excluded — The means 
by which flowers are cross-fertilised — Structure's favourable to self- 
fertilisntion — IJelation l)etwocn the structure and conspicuousness 
of flowers, the visits of insects, ami the atlvantapcs of cmss-fertilisa- 
tioii — The moans by which flowers arc fertilised with pollen 
from a distinct ]flant — (Ireater fertllisinj; power of such pollen 
— Anemophilous species — Conversion of anemophilous spocies into 
entcauophilous — Ori*yin of neetar —Anemophilous plants f^enorally 
have their sexes sejjarated — Conversion of diclinous into herma- 
phrodite flowers — Trees often have their sexes separated. 

In the introductory chapter I briefly specified the 
various means by which cross-fertilisation is favoured 
or ensured, namely, the separation of the sebces, — the 
maturity of the male <ind female sexual elements at 
different periods, — the lieterostyled or dimorphic 
and trimorphic condition of certain plants, — many 
mechanical contTivavic^s, — the more pr loss complete? 
iiK^lficiency of a flower’s own pollen bn the stigma, — and 
the prejiotency of pollen fr#ni any other individual 
over that from the same' plant. Some of those ])oints 
reepiire? further consideration ; but for full details 1 
m'list refer the re'ader to the sevferal excellent works 
jiK Ti tinned in the introduction. I will in the first jdace 
give two lists : the first, of plants which arc either *^quite 
stcu'ile or produce less than about half the full com- 
})lement of socmIs, when ^insects are excluded ; and a 
second list of plants which, when thus^treated, are fully 
fartije or produce at least half the full complement 
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of s^ods, Idiese lists have been Compiled from tlu? 
several previous tal)l(is, with some additional* cases from 
my own observations an4 those of pthers. Idle sj)eeies 
an; arrani^ed nearly in tlio ordqr followed by Inndley 
in Ins ‘ V(;getab]o Kingdom.’ The»reader sliould 
observe tliat the sterility or fertility of the plants in 
tliese two lists depends on two %vholly distinct causes; 
namc'ly, tin; abstmce or proscmce of the proper means 
by wliich pollen is aj)pliod to the stigma, and its less 
or greater eHicir*i(;y when thus applied. As it is 
obvious that with plants in which tlio sex(;s are separate, 
pollen must be carried by some means from flower to^ 
flower, such species are excluded from the lists ; as 
are likowik; dimorphic; and trimorphic plants, iif which 
the same necessity occurs to a limited extent. Ex- 
perience has proved to me that, independently of tln‘ 
exedusion of insects, the seed-bearing ])ower of a plant 
is not lessened by covering it while in flower under a 
th*iu net supported on a frame; and this might indeed 
have been inhered frofn the %)nsideration of the tjvo 
following lists, as they include a considerable numbetr 
of species belonging to the same genera, some of which 
are quite sterile and others quit^; fertile when protfM'ted 
by a net from the itebess of insects. 

• 

List of Plants wliich^ when Insects are excluded, are either 
quite sterile, or produce, as far as I xould judge, less 
than half the number of Seeds produced bg unpro- 
tected Plaiits. 

Fassijiorfi ahtta, racemosa, coirulea, edulis, laurifglia, and some 
individuals of 1\ quadrangularis (Passifloracece), are quite 
sterile under these conditions: see ‘Variation of Animals 
and Plants under Domesticatien/ chap. xyJi. 2nd edit. vol. ii. 

p. 118. 

Viola canina (Violacese). — ^Perfect flowers quite sterile unless 
fertilised by bees, or artificially fertilised. 
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I ’ Sots verj* few and poor capsules. 

Iteaethi odorata (llesedaceso). — Some individuals quite sterilfe. 

IL ivfea , — Sonic individuals produce very few* and poor cap- 

* sulcs. 

Ahniilou darwinii (Malvq,cea)). — Quite sterile in Bnizil : see 
previous discussion on self-sterile plants. 

Nym 2 )h(va (Nymplijeaceai). — Professor Caspary informs mo that 
scJrne of the species are quite sterile if insects are excluded. 

Knrynh amnzonica (Nymphseaccfo).— Mr. J. Smith,, of Kqw, in- 
forms mo that capsules from flowers left to themselves, and 
probably not visited by insects, contained from eip^ht to fif- 
teen seeds; those from flowers artififially fertilised wdth 
l)ollen from other flowers*on the same ])lant contained from 
fifteen to thirty seeds ; and that two flowers fertilised with 
IHillen brought from another plant at Chatsworth contained 
respectively sixty and seventy-five seeds. I have given 
thdfeo statements because Professor Caspary advances this 
plant as a case opposed to the doctrine of the necessity or 
advanbigo of cross-fertilisation: see Sitzungsberichte der 
Phys.-bkon. Gesell. zu Kbnigsberg, B. vi. p. 20. 

Dclpliinium couaoUda (Banunculaceee). — Produces many capsules, 

. but these coptain only about half the number of seeds copi- 
])ared with capsules from flowers naturally fdrtilised by 
1 »ees. 

JiscJtscJioJfzia caJtfornica (Papaveraccaj). — Brazilian plants quite 
sterile : English plants produce a few capsules. 

rftpnrer vagum (Papavcraceje).-— In the early part of the summer 
produced very few capsules, and these, contained very few 
§ecds. 

r, alpinum, — H. Hoffmann C Speqiesfrage,' 1875, p. 47) states 
that this species jiroduced seeds capable of germination only 
on one occasion. 

<'orydalis 0 iva{Ymnn.vmcQv&). — Sterile: seethe previous discus- 
sion on self-sterile plants. 

( '. aoiida.’^l had a single plant in my garden (1863), and saw 
many hiv^i-bees sucking the flowers, but not a singb seed 
was produced. I was much surprised at this fact, as Pro- 
fessor Hildebrand’s discovery that 0, cava is sterile with its 
own pollen had not then been made. likewise concludes 
from the few experiments which he made on the present 

• species that it is self-stqrile. The two foregoing cases are 
interesting, because botanists formerly thought (see, for 
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insfancc, Lecoq, ' De la Fecondation gt de rflybridation/ 
1^5, p. 61, and Lindley, "Vegetable Kingdom,’ 1853, p. 436) 
that all the sf)ecies of the Fumariacca) were spcclklly adapted 
for solf-fcrjbilisation. 

C. lufca.-^K covered-up plant produced (1861) exactly half as 
many capsules*as an exposed plant of th(^ same size grow- 
ing close alongside. When humble-bees visit the flowers 
(and I repeatedly saw them thus acting) the lower petals 
suddenly^ si)ring downwards and the pistil ui)wards ; this 
is due to the elasticity of the parts, wdiich takes effect, as 
soon as the coherent edges of the hood arc separated by the 
entrance of an kisect. Unless insects visit the flowers the 
parts do not move. Nevertheless, many of the flowers on 
the ]flants which I had protected produced capsules, not- 
withstanding that their jKjtals and pistils still retained their 
orii-iiial j^osition ; and I found to my surprise that these 
capsules contained more seeds than those from flowers, the 
petals of which had l)ceu artificially sei)arated and allowed 
to si)riug apart. Thus, nine capsules produced by undis- 
turbed flowers contained fifty-three seeds ; whilst nine cap- 
sules from flowers, the petals of which had been artificially 
, se])arated, contained only thirty- two seeds. J3iit wo should 
renionfber that if bees had been permitted to visit these 
flowers, they would Infve visited them at the best time for 
fertilisation. The flowers, the i)etal8 of which had b&n 
artificially separated, sot their capsules l)cfore those whicSi 
wore left undisturbed under the not. To show wdth what 
certainty the ^ow^ers are visited by bees, I may add that 
on one occasion all*the flowers on some unprotected jflants 
were examined, and every single one had its petals sepa- 
rated ; and, on a second occasion, forty-one out of forty- 
throe flowers were in this state. Hildebrand states (Pring. 
Jahr. f. wiss. Botanik, B. vii., p. 450) that the mechanism 
of the parts in this*spocies is nearly the same as ifi C. oc^ro- 
leuca, which he has fully descril)ed. 

Ifypemmm grandiflorum (Fumariaceae). — Highly self-sterile (Hil- 
debrand, ibid.). 

Kalmia latifolia (Ericacees). — Mr. W. J. Beal says (" American 
Naturalist,' 18§7) that flowerij protected from insects wither 
and drop off, with most of the anthers still remaining in 
the pockets.” , 

Pelargonium (Geraniaceae). — Almost sterile; one plant 
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produced two frjiits. It is probable that ditferent varieties 
would differ in this, resj^ect, as some are only feebly Vlicho- 
gamoufct. 

JHaitthns caryophyllus, (Caryophyllaceae). — Produces very few 
capsules, which contain any good seeds. • 

I^haaeolus mnUifl£>nts (Leguminosse). — Plants protected from 
insects produced on two occasions about one-third and oee- 
^ghth of the full numl)cr of seeds: sec my article in 
' Gardeners’ Clironicle,’ 1857, j). 225, and 1858. p. 82^ ; also 
'Annals and ]\Iag. of Natural History,' 3rd series, vol. ii. 
1858, p. 462. Dr. Ogle (' Pop. Science Peview,’ 1870, p. 168) 
found that a plant was (piitc sterile Avhen covered up. The 
flowers are not visited by insects in Nicaragua, and, accord- 
ing to Mr. Belt, the species is there (piite sterile : * The 
Naturalist in Nicaragua,’ p. 70. 

Viciafaha (LeguminosaB).— Seventeen covered-up jdants yielded 
40cl)eans, whilst seventeen plants left unprotected and 
gi*owing close alongside produced 135 beans; these latter 
plants were, therefore, between three and four times more 
fertile than the prot<?cted plants : see ' Gardeners’ Chroiihde ’ 
for fuller details, 1858, j). 828. 

Eiythrina (sp. f) (Leguminosa)). — Sir W. MacArthur infornv3d 
me that in New South Wales the flowers do nof sot, unless 
the petals ai’e moved in the sa'inc manner as is done by 
' insects. 

Lathyrus (jlandijlorus (Leguminosai). — Is in this country more or 
less sterile. It never sets pods unless the flowers are visited 
by humble-bees (atid^ithis happens on|y rarely), or unless 
they are artificially fertilised ; sec my article in ' Gardeners* 
Ghronicle,' 1858, p. 828. 

Sarothamnus scoparius (Leguminosa)). — Extremely sterile when 
the flowers are neither visited by l)ees, nor disturbed by 
being beaten by the wind against the surrounding net. 

Miiilotus ojficiiwlis (Leguminos8B).T--Aii unprotected plant visited 
by bees produced at least thirty times more seeds than a 
protected one. On this latter plant many scores of rasemes 
did not produce a single pod ; several racemes produced 
each one or two jKjds; five produced three ; six produced 
four ; *and one produced sk pods. On the unprotected plant 
each of several racemes produced fifteen pods; nine pro- 
, duced between sixteem and twenty-two pods, and one 
produced thirty pods. 
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Lotus cornicntatus (LeguminojJSB). — Sevcr/il covered-iip i>lants 
fnoduced only two ompty i)ods, and not a single good seed. 

Trifoliam repcm (TiCguoiinosa)).-— Several plahte wfere protected 
from insQcts, and the seeds from ten flowor-lieads on these 
plants, and from ten heads on other plants growing outside 
tlio luA (which I saw visited by bees), ^ere counted ; and 
the seeds from the latter plants were very nearly ten times 
as numerous as those from the protected plants. 'Jihe ex- 
Ijeriine^jt was repeated on the following year; and twenty 
protected heads now yielded only a single aborted seed, 
whilst twenty heads on the idants outside the not (which I 
saw visited by«bce.^) yielded 2290 seeds, as calculated by 
weighing all the seed, and counting the nuinl)cr in a weight 
of two grains. 

T, pniteusc, — One hundred flower-heads on plants protected bj^ 
a net did not ])roduco a#single seed, whilst 100 heads on 
plants growing outside, which were visited by bee», yielded 
68 grains Aveight of seeds ; and as eighty seeds weighed two 
grains, the 100 heads must have yielded 2,720 seeds. I have 
often; watched this plant, and have never seen hive-bees 
sucking the flowers, except from the outside through holes 
bitten by humble-bees, or deep down between the flowers, as 
if in •search of some secretion from the cal^x, almost in t"he 
same manner as de^ribod by Mr. Farrer, in the case of 
Coronilla ('Nature,' 1874, July 2, p- 109). I must, how- 
ever, except one occasion, when an adjoining field of sainfoin 
(^IltdymrHrn onohrychis) had just lieen cut down, and when 
the bees sceiyed driven to deapell*ation. On this occasion 
most of the flowers of the clover were somewhat wi|heTed, 
and contained an extraordinary quantity of nectar, which 
the bees were able to ^ suck. An exi)erienced apiarian, 
Mr. Miner, says that in the United States hive-bees never 
suck the red clover ; and Mr. E. Colgate informs me that 
he has observed the same fact in New Zealand after* the 
introduction of the hive-bee into that island. On the other 
*and, H. Muller C Befruchtung,' p. 224) hai^ often seen hive- 
bees visiting this plant in Germany, for the sake both of 
pollen and nectar, which latter they obtained by breaking 
apart the petals. It is at least certain that humble-bees are 
the chief fertilisers of the common red clover^ 

T. incamatuvi , — The flower-heads containing ripe seeds, on gpme 
covered and uncovered plants, appeared equally fine, but 
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this was a false ^pearance; 60 heads on the*' latter yielded 
349 grains weight of seeds, whereas GO on the (iovor^d-np 
plants yielded only 63 grains, and many of the seeds in the 
• latter lot were poor and aborted. .^Therofore the flowers 
which were visited hy beevS produced between five and six 
times as man^ seeds as those which were protected. The 
covered-up plants not having l)ccn much exhausted by seed- 
bquing, lK)re a second considera]>le crop of llowcr-stems, 
whilst the cxi)osed 'plants did not do so. 

Cytisus laburnum (Legumino 8 a 3 ). — Seven flower-racemes ready to 
expand were enclosed in a large bag made of net, and they 
did not seem in the least injured by tlus ti*ealment. Only 
three of them produced any pods, each a single one ; and 
these three ]xxls contained one, foui‘, and five seeds. So 
that only a single i>od from the seven racemtis included a 
fair comifiement of seeds. 

CupJiea purpurea (Lythracem). — Troduced no seed s. Other flowers 
on the same plant artificially fertilised under the net yielded 
seeds. 

Vinca major (Apocynace®). — Is generally quite sterile, but some- 
times sots seeds when artificially cross-fertilised: see my 
notice, * Gardeners* Chronicle,’ 1861, p, 552. 

K' romt, — Behavd^ in the same manner as tlie last species : 
‘Gardeners’ Chronicle,* 1861, pp. G99, 736, 831. 

Tabernmmmilana echinata (Apocynucem). — Quite sterile. 

Petunia violacea Cdolanace®). — Quite sterile, as far as I have 
observed. 

Sdanum taherosnm (Solflna^.e®). — I'inzmann^says (‘Gardeners* 
Chronicle,’ 1846, p. 183) that some vaVietics are quite sterile 
uhless fertilised by pollen from another vari«ity. 

Primula scotka (Primulace®). — A non-dimorphic species, which 
is fertile with its own pollen, but is extremely sterile if 
insects are excluded. J. Scott, in ‘ Journal Linn. Soc. Bot.’ 
^vol. viii. 1864, p. 119. 

Cortusa vnatthidi (Priinulacem). — Protected plants completely 
sterile; artificially self-fertilised flowers perfectly fwtile. 
J. Scott, ibfd.-p. 84, 

Cyclamen persicum (Primulace®). — During one season several 
oovered-up plants did not ];^oduce a single seed. 

B&rago officinalis (Boraginace®). — Protected plants produced 
, about half as many seedeuas the unprotected. 

^Ivia lenori (Labiat®).--Quite sterile; but two or three flowers 
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on* the sxtomits of three of the spikes, which, touched the 
ifbt when the wind blew, produced a few seeds. This 
sterility was not due to the injurious effects of the net, for I 
fertilised five flowers witli pollen fi;om an adjoining plant, 
and Jthose all yielded fine seeds. I removed the net, whilst 
one little bralach still bore a *few not completely faded 
Bowers, and these were visited by l)ecs ana yielded seeds. 

S. cocewea. — h-'orne covered-up i)lants produced a good^many 
fruits, but not, I think, half as many as did the uncovered 
plants; twenty-eight of the fruits 8ix)ntancously produced 
by the protected plant contained on an average only 1*45 
seeds, wliilst sgme artificially self-fertilised fruits on the 
same plant coiitaiiiod more than twice as many, viz., 3*3 
seeds. 

Jiignonia (unnairied species) (Bignoniacete).— Quite sterile: see^ 
my account of self-sterile plants. 

DUjiudia inirpurm (ScrophulariacefiB).—Extremely steril^j, only a 
few poor capsules Ixiing produced. 

Limrkt vulgaris (Scrophulariacem).— Extremely sterile. 

Aiiiirrhiuum. rnajus, red var. (Scrophulariacetc). — Eifty pods 
gathered from a large plant under a net contained 9*8 grains 
weight of seeds ; but many (unfortunately not counted) of 
the IM’ty i)ods contained no seeds. Fift;f pods on a pldnt 
fully ex])osod to the* visits of humble-bees contained ‘23*1 
grains w'eight of seed, that is, more than twice the weight ; 
but in this case agdSn, several of the fifty pods contained ho 
seeds. 

A. majits (wdiite var., with a pinj: tnouth to the corolla).— 
Eifty j)ods, of ^^ffich only a very few w^ere empty, on a 
covered-up plant contained 20 grains weight of sehd; so 
that tliis variety seems* to be much more self-fertile than 
the previous one. With Dr. W. Ogle ("Pop. {Science 
heview,’ Jaii. 1870, p. 52) a jdant of this Bi)ecies was much 
more sterile when* protected from insects IJian with m», for 
it produced only tw^o small capsules. As showing the 
efficiency of bees, I may add that Mr. Crocker castrated some 
young flowers and left them uncovered; cgiA these produced 
as many seeds as the unmutilated flowers. 

A, majus (peloric var.). — This "ijpriety is quite fertile when arti- 
ficially fertilised with its own pollen, but is utterly sterile 
when left to itself and uncovered, as humble-bees cannot 
crawl into the narrow tubular flowers. 
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Verhascum plmtiiceum (ScropliulariacePD).— Quite sterile ) 

V, mgrum . — Quite sterile I sterile plants. 

CamiKtnula ch,rftafhica (LobeliacesB). — Quite sterile. 

Lobelia ramosii (Lobeliaocao.). — Quite «terile. r 

L,fulgem. — This plant is pever visited in my garden* by bees, 

, and is cpiite j^erile ; but in a nursery-garden at*a few miles" 
distance I saw humble-bees visiting the flowers, and they 
produced some capsules. 

Jsoiorna (a white-flowered var.) (Lobeliacem). — Five plants left 
unprotected in my greenhouse ])roduced twenty-four fine 
capsules, containing altogether 12 *2 grains weight of seed, 
and thirteen other very ])oor capsules, •which were rejected. 
Five plants protected from insects, but otherwise expos(*d 
to the same conditions as the above plants, jiroduced sixteen 
tine ca])sules, and twenty other very ])oor and rejected ones. 
The sixteen fine capsules contained seeds by weight in such 
liroportion that twenty-four would have yielded 
grains, t-’o that the uniirotected jilants produced nearly 
thrice as many seeds by weight as the protected plants. 

LeschenauUia formos't (Goodeniacem). — Quite sterile. My experi- 
ments on this plant, showing the necessity of insect aid, 
arc given in the * Gardeners’ Chronicle,’ 1871, p. 11C6. 

/Sewccjo (tjorniiositjc). — (Juite sterile: see my 'account of 

self-sterile plants. * 

Beleroceid^n mexicanum (Malastomace^). — Quite sterile; imt 
this species and the following members of the group pro- 
duce plenty of seed wdien artificially sey-fertilised. 

THtexia glandulosa (Melasfomaceaj).- Het spontaneously only two 
or three capsules. 

CentratLnia yZor Amanda (Melastomace/e). — During some years pro- 
duced spontaneously two or three capsules, sometimes 
none. 

Pleroma (unnamed species from Kew) (Melastomacem). — During 
‘some years- produced spontaneously Wo or three capsules, 
sometimes none. 

Monochoitum em\ferum (Melastomaccso). — During some yearsr pro- 
duced spontaneously two or three capsules, sometimes 
none. 

Hedyehiim (unnamed species) (^arantace®). — Almost self-sterile 
without aid. 

Orchidem . — An immense proportion of the species sterile, if 
insects are excluded. 
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Lint 0/ Plc^^ts, which when protected from Insects are 
either quite Fertile^ or yield more than half the Numher 
of Seeds produced hy unprotected Plants. 

flora gratilis (Passifloracese). — Produces many fioiits, but 
these contain f«\vcr seeds than fruits from intercrossed flowers. 

Urassiat oho'acca (Cruciferae). — I’roduces mSny capsules, but * 
these generally not so rich in seed as those on uncovered 
plants. 

liaphmius mtivus (Crucifer®). — Half of a largo branching plant 
was covered' by a net, and was as thickly covered with 
capsules as the other and unprotected half; but twenty of 
the capsules oif tlic latter contained on an average 3-5 
seeds, whilst twenty of the protected capsules contained only 
1 • 85 seeds, that is, only a little more than half the number. 
This plant might perhaps have been more properly included 
in the former list. 

Iheria umhclfata (Criicifejw). — Highly fertile. 

y. amara , — Highly fertile. 

Jliimia odorata and (utaa (liesedacese). — Certain individuals com- 
pletely self-fertile. 

Kuryah faro.r (Nymphffiacc®). — Professor Caspary informs me that 
- this pliant is highly sel f-fertile when insects ute excluded . Re 
remarks in the paper More referred to, that his plants (as 
well as those of the Ficlor/a reyia) produce only one flower 
at a time ; and that as this species is an annual, and wdh 
introduced in 1809, it must have been self-fertiliped for the 
last fifty-six generations ; but Dr. looker assures me that to 
his knowledge it Uaa been repeate'&ly introduced, and that at* 
Kew the same plant both of the Euryale and of the Victoria 
. produce several flowers aA the same time. 

Xymphaut (Nyinphmace®). — Some species, as I am informed by 
Professor Caspary, are quite self-fertile when insects are 
excluded. • • 

Adoiiis cesf ivnUs (Ranunculace®). — Produces, according to Pro- 
fessor H. Hoffmann (‘ Speciesfrage,’ p. 11), plenty of seeds 
'^heii protected from insects. ^ • 

llamutcnfas acris (Ranunculace®), — Produces plenty of seeds 
under a not. 

Papaver somnifermn (Papaveraceft). — Thirty capsules from un- 
covered plants yielded 15*6 grains weight of seed, and thirty 
capsules from covered-up plants, growing in the same bed, 
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yielded 16*5 grains weight; so that the latter planCs were 
more productive t'iian the uncovered. Professor 11. HofiBnann 
Specierfrage/ 1875, p. 53) also found this species self-fertile 
' when protected from insects. 

P. vagam . — ^Produced late in the summer plenty of see^, which 


germinated well. 

^ P, argemonoldes ^ . 

Glaucium hitmm (Papavcractw) 
Argemona ochrvhaca ( Paj)avcniccjp) 


• I According to Hildobraiid Jahr- 
l buch fiir w. Hot.’ B. vii. p. 460), 

• I HtnaitMiifously Bflf-fcrtillscd flowors 
, j are by no uunins sterile. 


Adlumiit cirrhosa (Fumariaceffi). — Sets an abundance of capsules. 
IJgpecoitm procmahens (Funiariaceffi). Hildebrand says (idem), 
with respect to protected flowers, that ‘'cine gute Frucht- 
bildung eintrete.” 


Fumaria oj^cirndis (FumariaceaB).~Coverod-up and unprotected 
plants apx)arently produced an equal number of capsules, 
and the seeds of the former seemed to the eye equally good. 
I lijLve often watched this plant, and so has Hildebrand, and 
we have never seen an insect visit the flowers. H. Miillcr 
lias likewise been struck with the rarity of the visits of insects 
to it, though he has sometimes seen hive-liecs at work. 
The flowers may perhaps be visited by small moths, as is 
probably the case with tlie following species. 

F» capreoIata.—BdYero] large beds of this plant growing wild 
were watched by me during nisny days, but the flo\^8 
were never visited by any insects, though a humble®)e 
was once seen closely to- inspect them. Nevertheless, as 
the nectary contains much nectar, especially in the evening, 
I felt convinced that they were visited, probably by moths. 
The petals do not nalurally separate oi open in the least ; 
but they had lieen opened by some means in a certain pro- 
portion of the flowers, in the Same manner as follows when 
a thick bristle is pushed into the nectary ; so that in this 
respect they resemble the flowers of Conjdulis lulea, Tbirty- 
L four heads, each including many flowers, were examined, 
and twenty of them had from one to four flowers, whilst 
fourteen had not a single flower thus opened. It is J^here- 
fore clear* that some of the flowers had been visited by 
insects, while the majority had not ; yet almost all produced 
capsules. 

Linum imtatimimum (Linacoft). — Appears to be quite fertile. 
H. Hoffmann, ‘ Bot. Zeitung/ 1876, p. 566. 

Intpatiens barhtgerum (Balsaminacem).— The flowers, though ex- 
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CGilently*^lapted for cross-fertiliiiation by the bees which 
freely visit them, set abundantly under a net. 

7, noli-me-tftmjvre (Balsa min acecD). — Tliis species jiroduces clcis- 
togene and perfect flowers. A plant wns covered with a net^ 
and^ somfi perfect flowers, marked with threads, produced 
eleven spontaneously self- fertilised, capsules, which contained . 
■on an average 3*45 seeds. 1 neglected to ascertain the 
number of seeds produced by perfect flowers exposed*to the 
visits of insects, but 1 b(;lieve it is not greatly in excess of 
the abofe average. M r. A. W. Bennett has carefully described 
the structure of the flowers of Lfiiloa in ‘Journal Linn. Soc.’ 
vol. xiii. Bot. 1872, p. 147. This latter species is said to 
be sterile with its own pollen (‘ Gard. Chronicle,’ 1868, p. 
128G), and if so, it presents a remarkable contrast with 7, 
harhif/eru'in and 7nM-me-ta7i(/f're, 

LitauantUtu doinjlaaii (Gcraniace«3). — Highly fertile. 

Viscarla oathda (Caryophyllacea)). — Produces plenty of capsules 
with good seeds. 

Siellaria madUt (Caryophyllacete). — Covered-up and uncovered 
plants produced an equal number of capsules, and the seeds 
in both appeared equally numerous and good. 

Beta vidf/((7'ifi (Cheiiopodiaccffi). — Highly self-fertile. 

Weia (Ijcguujiuosjc). — Protected and ufiprotected plants 

produced an equal number of pods and equally fine seeds. 
If there was any difleronce between the two lots, the coverec^- 
up plants were tlie most productive. • 

T^. hirmta, — This species bears the smallest flowers of any 
British legimiinous plant. The Result of covering up plant&k 
was exactly the same as in the last species. 

IHsum satioam (Leguminoste). — Fully fertile. 

Lathyrus mforatns (Leguminoi{B).'^Fully fertile. 

L, nissoUa, — Fully fertile. * 

Jjupinus lutms (LeguminoesB). — ^Fairly productive. 

L. pihms . — Produced plenty of pods. 

07ionis mmiitusima (Ijeguminosm). — Twelve perfect flowers on a 
jlant under a net were marked by threads, and produced 
eight pods, containing on an average 2‘88 seeds. Pods 
produced by flowers visited by insects would probably have 
contained on an average 3 *66^ seeds, judging from the effects 
of artificial cross-fertilisation, 

Phaseolus vulgaris (Leguminosse). — Quite fertile. 

TrifcUum arvense (Leguminosm). — The excessively small flowers 
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are incessantly visited by hive yid humble-bees. «cWhen 
insects were excluded the flower-heads seemed to produce as 
many and as flue seeds as the exposed heads. 

2>rocumhms, — On one occasion covcred-up plants seemed to 
yield os many seeds as the uncovered. On a second occasion 
sixty uncovered flower-heads yielded 9 * 1 grains weight of 
seeds, whilst Wty heads on protected plants yielded nodess 
than 17 ‘7 grains; so that these latter plants were muqh 
more productive ; bat this result I suppose was accidental. 
I have often watched this plant, and have never seen the 
flowers visited by insects ; but 1 suspect that the flowers of 
this species, and more especially of Tri/o/ium fuihfts, are 
fre(iuentcd by small nocdurnal moths which, as 1 hear from 
]\tr. iSond, haunt the smaller clovers. 

Mcdicaijo lupnliua (Legumiiiosaj). — On account of the danger of 
losing the seeds, I was forced to gather the pods KTorc they 
wefe quite ripe; 150 flower-heads on plants visited by be(« 
yielded i)od8 weighing 101 grains; whilst 150 heads on 
prolectod plants yield* d potls weighing 77 grains. The 
inequality would probably have be<*n greater if the mature 
seeds could have been all safely collected and comy>arod. 
Ig. UrlMui (Keinjung, Bluthen, &c., bei Medicago, 1873) has 
described thfe means of fertilisjition in this genus, has tlie 
liev. (i. Henslow in the ‘ Journal. of Linn. Soc. Lot.* vol. ix. 

• 1866, pp. 327 and 355. « 

Sicotiaua tnhicum (Solanacea)).— Fully self-fertil^ 

Jpomoba purpurea (Convolvulaccie). — Highly self-fertile. 
lieptosiphon •(Folemoniaccaj). — Plants under a net 

produced a good many capsules. t 
Primmla mollis (Primulaceai). — A non-dim orphic Ri)ecies, self-fer; 

tile: J. Scott, in" Journal Liim. Soc. Hot.’ vol. viii. 1864, p. 120. 
Nolana prostrata (Nolanacoaj). — Plants covered up in the green- 
house, yielded seeds by weight compared with uncovered 
plants, the flowers of which were «visited by many bees, 
in the ratio of 100 to 61. 

Ajnfja reptaus (Labiatic).— Set a good many seeds ; but none of 
the stemfii** pndor a net pn)duccil so many as several un- 
covered stems growing closely by. 

Euphrasia offirinaUs (Scrophulariaceffi).— Covered-up plants pro- 
duced plenty of seed; whether less than the exposed plants I 
cannot say. I saw twp small Dipterous iusocts {Dolichvpos 
mgriptnnis and Empis chinpiera) repeatedly sucking the 
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fidwers ; fis they crawled into them, they rubbed against the 
ll^ristles which project from the anthers^ and became dusted 
with iJCllen# • 

Veronica agrestis (ScrophulariaceJE).—Coyered-up plants produced 
an abundance of seeds. I do not know whether any insects 
visit the flowers ; but I have observed Syrphidss repeatedly 
•covered with pollen visiting the flowers of V, hedercpfolia and 
chumot‘dryfi, ^ 

Mimulas luteaa (Scrophulai’iacesB). — Highly self-fertile. 

Calceolaria greenhouse variety) (ScrophulariacecB). — Highly self- 
fertile. 

Verlascum thapms (Scro])hulariace 80 ). — Highly self-fertile. 

V, lychuitis, — Highly self-fertile. 

Vauddlia nummular if alia (Scrophulariaceae). — Perfect flowers 
produce a good many caj^ules. • 

Darts ia odtmtites (Scrophulariaccae). — Covered- up plants produced 
a good many seeds ; but several lof these were shrivtiled, nor 
were they so numerous ns those produced by unprotected 
))lants 4 which were incessantly visited by hive and humble- 
bees. 

Specularia speculum (Lobeliaeea?). ~ Covered plants produced 
almost ns many capsules as the uncovered. 

JAictuca estiva (Compositm). — Covered plants produced some 
seeds, but the summear w-as w'et and unfavourable. 

Galium ajmrine (liubiacem). — Covered plants produced quite* as 
many seeds as the uncovered. * 

Apium pi troselinum (Umbellifei’©). — Covered plants apparently 
were as productive as„the uncov^cd. 

Zea imys (Uramidejc).*— A single plant in the greenhouse 
produced a good many grains. 

Cannaijvarscewiczi (Marantac!^).-^Highly self-fertile. 

Orcliidacece, — In Europe Of^irys apt f era is as regularly self- 
fertilised as is any cleistogeue flo.wer. In the United States, 
South Africa, and*Au 6 tralia there are a few species wlfieh 
are perfectly self-fertile. These several cases are given in 
2nd edit, of my work on the Eertilisation^of Orchids. 

Allium cepa (blood red var ) (Liliaoem). — Four flower-heads were 
covered with a net, and they produced somewhat fewer and 
.smaller capsules than those the uncovered heads. The 
eapsules were counted on one uncovered head, and were 289 
in number ; whilst those on a fine head from under the set 
were only 199. 

2 B 
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Each of these li^ts contains by a mere »eciderft the 
siime luiniber of genera, viz., forty-nine. Tlie gclhera 
in the first list include sixty-five species,' and those in 
the second sixty specie's ; the Orchidea.' in ‘l)oth being 
excluded. If the genei^a in this hitter order, as well as 
in the Asclepiacfa) and Apocynacea', luul been included, 
the nKiiibor of species .which are sterile if insects are 
('xcluded would have been greatly increased^; but the 
lists are confined to species whicli were tictually expe- 
rimented on. The results can bo considered as only 
approximately accurate, for fertility is so variable a 
character, that each species ought to have Ix^en tried 
hiany times. The above number of species, namely, 
125, is^as nothing to the host of living plants; but 
the mere fact of m(»re than half of them being sterile 
within the sj)ocified degree, when insects are excluded, 
is a striking one ; for whenever ix)lh^n has to be carrieil 
from the anthers to the stigma in order to ensure full 
fertility, there is at least a good chance of cro^s-fertiK- 
sation. I do not, however, Ixdicve that if all known 
j>hlnts were tried in the sfiine manner, half would be 
found to be sterile within the specified limits; for 
many flowers were selected for experiment which pre- 
sented some remarkable structiiro ; . and such flowers 
often* require insect-aid. Thus out of the forty-nine 
gtaicra in the first list, about* thirty-two have flowers 
wliich are asymmetrical or present some remarkable 
jiequliarity ; whilst in the second ligt, including species 
which are ful'iy or moderately fertile when insects were 
('X eluded, only about twenty-one out of the forty-jiine 
are asymmetri(>al or present any remarkable peculiarity. 

Means of cross-fertilisathn , — The most important of 
all the means by which pollen is carried from the 
anthers to the stigma of the same flower, or from . flower 
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to flower, ftre insects, belonging •to the orders of 
HyiAenoptera, Lepidoptera, and I)ipt(jra ; ^nd in some 
parts of the world, birds.* Next in iinp)rtance, but 
in a qiyto s^ibordinafe degree, is tlie wind; and with 
some aquatic plants, according to ])el|jino, (nirrents of 
wat^r. The simple fact of the necessity in many (^ases 
of extraneous aid for the transport of the pollen, and the 
many contrivances for tliis purpose, nnider it liiglily 
probable that some great l)€‘nclit is tlius gjiined; and 
tliis conclusion hjs now been firmly establisliod by th<‘ 
proved superiority in growth, vigour, and fertility of 
plants of crossed parentage over those of self-fertilised 
parentage, lint we should always keep in mind that 
two somewhat opptised ends have to be gaiiuiid ; tin* 
first and more important one lunng the produetion 


* I will hero «?ive all the oases 
kncAvn to m(? <»f birds fortilisiug 
flowers. In South linizil, hum- 
ming-birds certainly lorlilise tUo 
various species of Abutiloii, which 
are storili- without tlieir aid i (Fritz 
Miiller, ‘ Jennisclio /citsclirift f. 
Xuturw'iss * B. vii. 1S72, p. 24.) 
Long-beaked humming-birds visit 
tiic flowers of nrugumusia, whilst 
some of the short-boiikod si>eek*s 
often jieiietrate its la/go^oorolln in 
order to obtain the neotar in m 
illegitimiitu manner, in the saiiie 
manner as do bees in all parts of 
tlio world. It appears, indeed* 
that the l>eak8 of humming-birds 
are specially adapted to^tho va- 
rious kinds, of flowers which they 
visit: on the Conliilera ti.ey suck 
the Salvim, and lacerate the 
flow'd! of tlie Tacsonhe: in Nica- 
ragua, Mr. Belt saw them snekiug 
the flowers of Maregravia anil 
Krythrina, and thus they carried 
polleB from flower to flower. lu 
North America they are said to 
frei|uent the flowers of Impaiiens : 
(Gould, ^Introduction to tlie Tro- 


diilidte,* 18(11, pp. 13, 120; ‘ Gard. 
Chronicle,’ 1801), p. JJSO; ‘The 
Niiturali4 in Nicaragua,* p. 121) ; 
Mourmtl of iJinn. Sw. Bot.’ vAl. 
xiiL 1872, p. 151.) I may add 
that I ofti-n saw in Chile a Miinus 
with its head yellow with pollen 
from, as I brtieve, a Cassia, l 
have Ix^en assured tliat at the 
Ca 4 )e of Chx)d Hope, Strelit/ia is 
fertyi5ed by the Xectarinidaj# 
There can hardly bo a doubt that 
many Australian flowers afe fer- 
tilised by the. many lionoy-siiekiug 
birds of that country. Mr. W«]- 
]a(!o remarks .address to the Bio- 
logical Section, Brit. Assoc. 1876 
that he has “ often observed 4be 
beaks and faces* of the brush- 
tougued lories of the Mohimis 
cx)veivd with pollen.** In New 
Eealaud, many, sficcimeus of the 
Anthoruis melanura had their 
heads coloured with pollen from 
yie flowers of an endemic s|xcies 
of Fuchsia ; (Potts, ‘ Transact. 
New Zealand Institute,* Y«d. iiu 
1870, p. 72.) 


2 B 2 
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of seeds by any xneans, and the second,** cross^ferti- 
lisation. ^ 

i. 

The advantages derived from cross-fertilisation throw 
a flood of liglit on most of the cliief charactefs of flowers. 
We can thus understand their large Jiize and bright 
colours, and in some cases the bright tints of tlie' ad- 
joining parts, such as the peduncles, bractete, &c. 13y 
this means they are rendered conspicuous 'to insects, 
on the same principle that almost eviTy fruit which is 
devoured by birds presents a strong fontrast in colour 
with the green foliage, in order that it may bo seen, 
and its seeds frcMijly disseminated. With some flowery 
conspicuousness is gained at the expense even of the 
reprodnetivo organs, as with the ray-florets of many 
Gomposito, the exterior flowers of Hydrangea, and the 
termimil flowers of the Fejither-liyacintli or ^ruscari. 
There is also reason to believe, and this was the opinion 
of Sprengel, that fl(jwers differ in colour in accordance? 
n^th the kind^of insects which frequent thein, ' 

Not only do the bright eolovrs of flowers serve to 
ijtlract insects,^ but dark-coloured streaks and marks 
are often present, which »Sprengel long ago maintained 
served as guides to tjie iiectar}\ These marks follow 
the veins in the jx^tiils, or lie between them. They 
may* occur on only one, or on all excepting one or 
more of the upper or lower petals ; or they may form 
a dark ring round the tubular part of the corolla, or 
b€i confined to tlie lips of an irregular flower. In the 
white varieties of many flowers, such as of Digitali$ 
puriHireay Aniirrhinum majus, several species of JJian- 
thus, llilox, 'Myosotis, Khododendron, Ptdargonium, 
Primula and I'etunia, the marks generally persist, 
whilst the rest of tlic chrolla has become of a pure 
white; but this may due merely to their colour 
being intense and thus less readily obliterated. 
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S^irengel’s liotion of tlie use of these marks as guides 
a2)pearcd to me for a long time fanciful i for insects, 
without sucli aid, rcjidily discover and bite holes 
througji the nectary from the outside. They also 
discover 4 lio minute nectar-secreting* glands on the 
stipules and leaves of eerbiin 2>Iants. Moreover, some 
few plants, such as certain poppies, which are not 
nectarifiu’fms, have guiding marks; but w^e might 
j>erha2)S expect that some few jdants would retain 
traces of a forniei nectariferous condition. On the other 
hand, these marks arc much more common on asymme- 
trical flowers, the entrance into whicli would be apt to 
puzzle iiisccts, than on regular flow ers. 8 ir J. Lubbock 
has also proved that bees readily <listiuguish colours, 
and that they lose much time if the j)osition of honey 
which they have once visited be in the least changed.* 
The following ease affords, I think, the best evidence 
that these marks have really been developed in corre- 
lation with the nectary. The two uppA petals of the 
common Pelargonium Tiro thus marked near their basjBs; 
and I have repeatedly observed that ^^en the floweis 
vary so as to become pcloric or regular, they lose their 
nectaries ami at the same Jimo the dark mark^ 
When the nectliry Is only partially aborted, onl^ one 
of the uppen* petals lose^its mark. Therefore the nec- 
tary and these marks clcfyly stand in some sort of close 
relation to one another ; and the simplest view is that 
they w(^rc developed together for a special purpose; 
the only conceivable one being that the marks serve as 
a giwde to the nectary. It is, however, evident from 
what has been already said, that insects* could discover 
the nectar without tlie aid of guiding marks. They 
are of service to the plant,*only by aiding insects to 


• ‘ British Wild.Flowers ia relation to inssets,* 1875, p. 44. 
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visit ixrul suck a greater nuinl>er of flowdrs within a 
given time ,than wotiUl othenvisc be possible ; and tlnis 
tliere will be a better chance of fertilisation by pollen 
brought from a distinct plant, and this we know is of 
paramount imjMjrtance. 

The odours emitted by flowers attract insects, as I 
have 6bservod in tlu* case of plants covertMl by a muslin 
net. Xiigeli aftixod artificial flow'crs to ‘ branclies, 
scenting some with essential oils and leaving others 
nnscented ; and insects were attracted to tlie former in 
an unmistakable manner.* Xot a few flowers are both 
conspicuous and odoriferous. Of all colours, white is 
Ihe prevailing one; and of white flowers a considerably 
larger ^proportion smell sweetly than of any other 
colour, namely, 14*0 per cent.; of red, only 8*2 jkt 
lunit. are odoriferous.f The fact of a larger proportion 
of white flowers smelling swe(*tly may depend in part 
on those which are fertilised by moths n^quiring th(‘ 
(hUible aid of* consI^icnousness in the duskf and of 
odour. So great is the economy of nature, that most 
flowers which are fertilised by crepuscular or nocturnal 
insects emit their odour cliiefly or exclusively in the 
evening. Some flowers, however, which are highly 
odoriferous depend sole'ly on this cfuali’ry for their fer- 
tilisalion, such as the night-flowering stock (Hesperis) 
and some species of Daphne,.; and these present th(' 
rare case of flowers which are fertilised by insects being 
obsi3urely coloured. 

The storage of a supply of nectar in a protected place 
is maiiifcstly^connected with the visits of insects.^ So 
is the position 'wliich the stamens and pistils occupy, 

* ‘Enstchiing, &c., (l«r Katur-,. and by Pcliubler and Kohler, 
hist. Art.’ ISdo, p. 2S. I have not seen their original 

t The colours and odours of works, but a very full abstract 
the*flowerB of 4200 species have^ is given in liOudon’s * Gardener s 
been tabulated by Landgrabe, Mag.' vol. xiii. 1837, p. 867. 
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eitliet permanently or at the proper period through 
theft’ own moveiiK.'nts ; for when mature they^ invariably 
stand in the patliway leading to the nectary. The 
shape ^of the nectary and of the adjoining parts are 
likewise related to the particular kindg of insects whicdi 
habitually visit the flowers ; this has been well shown 
by H. Muller by Jus comparison of lowland Species 
whfeh are cliiefly visited by bees, with alpine specic^s 
belonging to tlie same genera which are visited by 
butterflies.* F|pwers may also be adapted to certain 
kinds of insects, by secreting nectar particularly attrao 
tive to them, and unattractive to other kinds ; of which 
fact Epipactis latifoUa offers tlie most striking instance 
known to me, as it is visited exclusively bji wasps. 
Structures also exist, such as the hairs within the 
corolla of the foxglove (Digitalis), which apparently 
serve to exclude insects that are not well fitted to bring 
pollen from one flower to anothor.f I need say nothing 
here of, the endless contrivances, suet as the visfiid 
glands attached to tiie pollen-masses of the Orchidea) 
and Asclepiadse, or the viscid or roughened state 
the p(dlen-grain8 of many plants, or tiie irritability of 
their stamens which move when Ipuched by insects, &c., 
— as all these aontiivauces evi&ently favour or ensure 
cross-fertilisation. • 

All ordinary flowers are so far open that insects can 
force an entrance into them, notwithstanding that 
some, like the Snapdragon (Antirrhinum), various 
Papilionaceous and Fumariaceous flowers, are in 
appparance closed. It cannot be maintained that their 
openness is necessary for fertility, as cleistogene flowers 
which are permanently closed yield a full complement 
of seeds. Pollen contains ^uch nitrogen and . phos- 

♦ ‘Nature/ 1874, p. 110; 1875, t Belt, ‘The Naturalist ii»Ni- 
p. 190 ; 1876, pp. 210, 289. oaragua,’ 1874, p. 132. 
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phonis — the two most precious of all the eSements for 
the growth of plants — but in the case of most open 
floors, a large quantity of pollen is consumed by 
pollen-devouring insects* and a large quantity is 
destroyed duriqg long-continued rain. With many 
plants this latter evil is guarded against, as far as 
is possible, by the anthers opening only during dry 
weather,* — by the position and fonn of some or all of 
the petals, — by the presence of hairs, &c., and as Kerner 
has shown in his interesting essay ,t bj^ tluj movement 
of the petals or of the whole flower during cold and wet 
weather. In order to comj>ensate the loss of pollen in 
many ways, the anthers produce a far larger amount 
than is^iecessary for the fertilisation of the same flower. 
I know this from my own experiments on Ipomam, 
given in the Introduction ; and it is still more plainly 
shown by the astonishingly small quantity produced 
by cleistogene flowers, which lose none of their pollen, 
in comparison vith that jiroduced by the open flowers 
borne by the same plants ; and yiet this small quantity 
suffices for the fertilisation of all their numerous seeds. 
Mr. Hassall took pains in estimating the number of 
jwllen-grains producq,d by a flower of the Dandelion 
(Leontodon), and found the number 'to be 243,600, 
and 'in a Pmony 3,654,000 grains4 The editor 
of the ‘ Botanical Kegister ’ counted the ovules in the 
flowers of Wi^aria sinensis, and carefully estimated 


* Mr. Blackley observed that up in the atmosphere, during the 

the ripe anthers of rye did not first fine and dry days afte^^ wet 

dehisce whilst kept under a l>ell- weather, than at other times : 
glass in a damp*^ atmosphere, * Experimental Hesearches on 
whilst other anthers exposed to Hay Fever/ 1873, p. 127. 
the same temperature in the open t ‘ Dio Schutzmittel des Fol- 
air dehisced freely. He also found' lens/ 1873. 
much more pollen adhering to % * Annals and Mag. of 
the^ sticl^ slides, which were^ Hist.* vol. viii. 1842, p. 108. 
attached to kites and sent high 
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the iitimber*of pollen grains, and he/onnd that for each 
0 V 11 I 5 there were 7,00u 'grains.* With Mirabilis, three 
or lour of the* very lar:^e pollen-grains are sufficient to 
fertilise an Ovule ; but 1 do not know how many grains 
a flower produces, ^\i:h Hibiscus, Kolreuter found 
thaf sixty grains wen* necessary to fertilise all the ovules 
of a flower, and he calculated that 4863 grains* were 
produced by a single flower, or eighty-one times too 
many. With Geum urhanum, however, according to 
Gartner, the pollen is only ten times too much.t As 
we thus see that the open state of all ordinary flowers, 
and the consequent loss of much pollen, necessitate the 
development of, so prodigious an excess of this precious* 
substance, why, it may be asked, are flowers alw^^ys left 
open ? As many plants exist throughout the vegetable 
kingdom which bear cleistogeno flowers, there can 
hardly be a doubt that all open flowers might easily 
have been converted into closed ones. The graduated 
steps by, which this process could have^ been efiected 
may be seen at the present time in Lathyrus mssoUa, 
Biophijtum smsitivum, and several other plants. Thg 
answer to the above question obviousfy is, that with 
permanently closed flowers therQ could be no cross- 
fertilisation. 

The frequency, almost regularity, with which pbllen 
is trfinsiK)rted by insects from flower to flower, often 
from a considerable distance, well deserves attention.^ 

• 

♦ Quoted in * Gard. Chron/ mature. Kolreifter marked 310 
184:6, p. 771. flowers, and put pollen from 

t Kfilreutcr, * Vorlauflge Nnch- other flowers on their stigmas 
richt,^1761, p. 9. Gartner, ‘ Beit- every day, sc^ fhnt they were 
rage zur Keimtniss,’ &c. p. 346. thoroughly fertilised ; and he left 

X An experiment made by K61- the same number of other flowers 
renter (‘ Forlsetsuug,’ &c. 1763, Jo the agency of insects. After- 
p. 69) ntfonis good evidence on wards he counted the seeds of 
this head. HibUcutt v&dcarim is ^th lots : the flowers which he 
strongly diohogamous, its pollen %ad fertilised with such astonilh- 
being shed before the stigmas are ing care produced 11,237 seeds, 
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This is best shown^ by the impossibility in* many cases 
of raising two varieties of the same species pure, if they 
grow at all* near together ; but to this subject I shall 
presently return ; also by the‘ many case^ of liybrids 
which have appeared spontaneously both in gtirdeiis and 
a state of nature. With respect to the distance from 
which pollen is often brought, no one who has had any 
experience would expect to obtain pure cabbage* seed, 
for instance, if a plant of another variety grew within 
two or three hundred yards. An i^ccurate observer, 
tlie late Mr. Masters of Canterbury, assured me that 
he once had his whole stock of seeds seriously affected 
•with purple bastards,** by some ])lants of purj)le kale 
which jBowered in a cottager’s garden at the distance of 
half a mile ; no other plant of this variety growing any 
nearer.* But the most striking case which has been re- 
corded is that by M. Godron,t wlio shows by the initure 
of the hybrids produced that Primula grmdijlora must 
have been crossed with jjollen brought by b<‘es from 
P. ojicinalis, growing at the distance of above two 
kilometres, or of about one EnglLsli mile and a quarter. 

All those wlio have long attended to hybridisation, 
insist in the strongest terms on the liability of castrated 
'flowers to be fertilised*by pollen brought from distant 
planits of the same species.| Tire following case shows 

whilst those left to the insects 'iho proper position for fertilising 
produced lU,88(i ; tiint i'«, a le.s8 the flowers of this species, on an 
nujiilxjr by only 351; and this island jxi Derwentwater, at the 
small inferiority*is I'ully accountesl distance of half a mile from any 
for hy the insects not having place where this plant grow : 
worked during some days, when ‘Nature,' 1872, p. 333. ^ 

the wesithi r wiCi cold with cou- t *Hevue des 6c. Nat.' 1875, 
tinned rain. ' p. 331. 

* Mr. W. C. Maishall caught , t See, for instance, the remarks 
no less than seven specimens of a by HerbiTt, ‘ Amaryllidacom,' 
moth (Ctictdlia uii^/raticd) with 1837, p. 319. Also Gartner's 
the TOllinia of the buttertty-orcids strong expressions on this subject 
{Hiwenaria MorarUha) stickii^ in his ‘ Bastardqrzeugung/ 1849, 
to their eyes, and, therefore, in p. (170; and ‘Keuiitniss der Be- 
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this in the •clearest manner : G artner, before he had 
gained much experience, castrated and fertilised 520 
dowers on various species with pollen of other genera 
or other sj)ecies, but left them unprotected ; for, as he 
sav!^ ht^ thoughl it a laughable idea thijt pollen should 
be brought from flowers of the same species, none of 
hich grew nearer than between 500 and GOO yJlrds.* 
Till* ivsult*was that 289 of these 520 flowers yielded no 
secid, or none that germinated ; the seed of 29 flowers 
produced hybrids, suc.h as might have been expected 
from the nature of the pollen employed ; and lastly, 
the seed of tlie remaining 202 flowers produced per 
f(‘ctly pure plants, so that these flowers must have 
bei ‘11 fertilised by pollen brought by insects from a 
distance of between 500 and 600 yards.t It is of 
course possible that some of these 202 flowers might 
have been fertilised by pollen left accidentally in 
them when tliey were castratt^d ; but to show how 
iiiiprobable this is, I may add that Gartfler, during tKe 
next eight(MUi years, cjistrated no less than 8042 flowers 
and hybridised them in a closed room^ and the seeds 
from only seventy of these, that is considerably less 
than 1 i^Qv cent., produced ])ure or unhybridise(^ 
offspring.^ 


fruchtiiii",’ 1S44, lip. 510, 573. 
Also Kecoq, *De la Fecondation,^ 
&o., 1845, p. 27. Some statements 
have been published duvinu: late 
years of the extraordinary ten- 
dency of hybrid plants to revert 
to tho^ pnreiit forms; but as it is 
not said how the flowers were 
protected from insects, it mny be 
suspected that they were often 
fertilised witii pollen brought 
from a distance Irom the parent- 
species. 

♦ ‘ Kenntn'ss der Befruchtung,’ 
pp. 539, 550, 576, 576. 


t Ilonsohers cxi^riments 
(quoted by (Ttlrtncr, ‘ Kenntniss,* 
&c., p. 574), which are worthless 
in all other respects, likewise 
show how largely flowers are in- 
tercressed by insects. He cas- 
trated many flojvers on thirty- 
seven species, belonging to twenty- 
two genera, and put on their 
stigmas either no pollen, or pollen 
from distinct genera, yet they all 
seeded, and all the seedlings raised 
^roiu them were of conrsi? pure. 

X *KeDntuiBs,’ &c, pp. 555, ^6, 
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From the varioKs facts now given, it is fevident^ that 
most flowers are adapted in an admirable manner for 
crbss-fertilisation. Nevertheless, the greater number 
likewise present structures which are manifestly 
adapted, thougji not in so striking a manner, for self- 
fertilisation. The chief of these is their hermaphro<lite 
condition ; that is, their including within the same 
corolla both the male and female roproductfve organs. 
These often stand close together and arc mature at 
the same time ; so that pollen from the same flower 
cannot fail to be depcjsitecl at the projier period on the 
stigma. There are also various details of structure 
adapted for self-fertilisation.* Such structures are 
best shown in those curious cases discovered by il. 
Muller, in which a species exists under two forms, — 
one bearing conspicuous flowers fitted for cross-fertilisa- 
tion, and the other smaller flowers fitted for self-fer- 
tilisation, with many ])arts in the latter slightly 
modified for tltis special purpose.! 

^As two objects in most respects opposed, namely, 
cross-fertilisatiqn and self-fertilisation, have in many 
cases to be gained, we can undi*rstand the co-existence 
in so many flowers of ^ structures which ap])ear at first 
sight unnecessarily complex and df an^ opposed nature. 
We can thus understand the great contrast in structure 
between clcistogene flowers, , which arc adapted exclu- 
sively for self-fertilisation, and ordinary flowers on the 
sarae plant, which are adapted so as to allow of at least 

occasional cross-fertilisation.^ The former are always 

¥ 

* H. Muller,* Die Bfefruchtung,* of the plants which hear cleis- 
&c. p. 448. togeno and perfect flowers. He 

t ‘ Nature,* 1873, pp. 44, 433. . finds in the ueists of Termites, in 
! Fritz. Muller has discovered Brazil, males and females with 
in the animal king<lom ( * Jfjp- iiniKrFect wings, which do not 
nallsche Zeitschr.’ B. iv. p. 4.11) leave the nests and propagate the 
a case curiously analogous to that species in a cleistogeno manner 
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minute, coippletely closed, with their petals more or 
less •rudimentary and never briglftly coloured ; they 
never secrete* nectar, never are odoriferous, have very 
small anthers which produce only a few grains of pollen, 
and their stigmas are but little developed. Bearing 
in tnind ‘that some flowers are cross-fertilised by the 
wind (called anemophilous by Delpino)^ and vthe^s 
by insect^ (called entomophilous), we can further 
understand, as was pointed out by me several years 
ago,* the great contrast in appearance between these 
two classes of flotvers. Anemophilous flowers resemble 
in many respects cleistogene flowers, but differ widely 
in not being closed, in producing an extraordinary^ 
amount of pollen which is always incoherent, and 
in the stigma often being largely developed or 
plumose. We certainly owe the beauty and odour of 
our flowers and the storage of a largo supply of honey 
to the existences of insects. 


On the Relation between the Structure and Conspicuous* 
ness of Flowers, the T of Insects, the Advtin* 
tages of Crossfertilisation, 

It has already been shown that there is no close 
relation between tlR* number of seeds produced by 
flowers when crossed and self-fertilised, and the degree 
to which their offspring ^are affected by the two pro- 
cesses. I have also given reasons for believing that 
the inefficiency of ti plant’s owm pollen is^in most cases 


hut (Jhly if a fully-clevel(»ped queen 
after swarming does not enter 
the old nest. The fiilly-dove- 
lopod males and females are 
winged, and individuals from dis- 
tinct nests can hardly fail often 
to intercross. In the act of 
swarming they are destroyed in 


almost infinite luimbers by a host 
of enemies, se tnat a queen may 
.often fail to enter an old nest; 

and tijcn the imperfectly deve- 
• loped males and females propagate 
and keep up the stock. 

• ^Journal of Linn. Soc.^vol. 
vii. Dot. 1863, p, 77. 
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an incidental result, or has not been specially aciiiiirod 
for the sake of preventing self-fertilisation. On the 
other hand, 'there can hardly be a doubt that dich(^gamy, 
which prevails according to Hildebrand* in the greater 
number of species, — that the heterostyled ccmdition of 
certain plants,— and that many mechanical strucilires 
-.rhaye all been acquired so as botli to clieck self- 
fertilisation and to favour cross-fertilisation. , Tlu^ 
means for favouring cross-fertilisation must have been 
acquired before those which ]>revent self-fertilisation ; 
as it would manifestly be injurious to a plant that 
its stigma should fail to receive its own pollen, 
'unless it had already become well adapted for receiv- 
ing poUen from another individual. It should be 
observed that many plants still j)osscss a high power 
of self-fertilisation, although tlieir flf)wers are excel- 
lently constructed for cross-fertilisation — for instance, 
those of many papilionaceems spf^cies. 

'It may be ij^lmittcd as ailmost certain that some 
structures, such as a narrow elongated nectar)", i»r a 
long tubular crorolla, have betm developed in order 
tiat certain kintls of insects alone should obtain tln^ 
nectar. These insects would thus find a store of nectar 
preserved from the iCttacks of #/)th(}r insects ; and 
they • would thus be led to visit frequently such 
fl(nvcrs and to carry pollen from one to the other.f 
It might perhaps have been expected that plants 
ha\dng their flowers thus peculiarly constructed would 
profit in a greater degree by being crossed, than 
ordinary or simple flowers; but this does not seem 
to hold goo&.. Thus Tropmlum minus has a long 
nectary and an irregular corolla, whilst Limnanthes 

‘ PSe Gefe'clikchter Vertlieil- on this subjeot by H. Miiller, 

^ 0 . p. 82. ‘ Dio Befruoiitang.’ &o, p. 431. , 

t See the interesting discus^ioir 
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dougl6tm ha« a regular flower and po proper nectary, 
yet the crossed seedlings of both species are to the 
self-fertilisedMn height as 100 to 79. Salvia coccinea 
lias an irregular corolltl, with a curious apparatus by 
which insects depress the stanlens, while the flowers 
of ?[X)ina>a are regular; and the crossed seedlings of 
the former are in height to the self-fertilisarl as 
JOO t^) 70,i whilst those of the Ipomcea are as 100 to 
77. Fagopyrum is dimorphic, and Anagallis collina is 
non-diinorphic, and the crossed seedlings of both are 
ill height to the self-fertilised as 100 to ()9. 

With all European plants, excepting the compara- 
tively rare aiiemophilous kinds, the possibility of** 
distinct individuals intercrossing depends oji the 
visits of insects; and H. Muller has proved by his 
valuable observations, that large conspicuous flowers 
arc visited much more frequently and by many more 
kinds of insects, than are Asmall inconspicuous flowers. 

He further remarks that the flowers which are rarelv 
# ... , 
visited must be capab|^^ of self-fertilisation, otherwise 

they would quickly become extinct. * Tfiere is, how- 
ever, some liability to error in forming a judgment 
on this head, from the extreme difficulty of ascertain- 
ing whether flo\>jers ^vhieh are Arely or never visited' 
during the day (as in the alxive given case of Fmtaria 
capreolata) are not visitdd by small nocturnal Lepi- 
doptera, which are known* to be strongly attracted by 
sugar, t The two Jists given in the early part^f 
this chapter support jMiiller’s conclusion* that small 
and inconspicuous flowers are completely^ self-fertile ; 

♦ ‘ Befruclitung/ &c., p. 426. collertor of Noctiue, ooine very 
* Nature/ 1873, p. 433. freely to sugar, and no doubt 

t In answer to a question by ifkturally visit flowers:** the‘En- 
ine, the editor of an entomological tomologista* Weekly Intelligencer/ 
journid writes — “ The Depres- 1860, p. 103. 
fenriK, as is notorious to every 
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for only eight or nine out of the 125 species hi the 
two lists come under this head, and all of these* were 
proved to be highly fertile when insects Were excluded. 
Tlie singularly inconspicuous flowers of the Fly 
Ophrys (0. muscifera)^ as I have elsewhere shown, are 
rarely visited by insects ; and it is a strange instanfre of 
imperfection, in contradiction to the above rule, that 
these flowers are not self-fertile, so that a large pro- 
portion of them do not produce seeds. The converse 
of the rule that plants bearing small and inconspicuous 
flow'ers are self-fertile, namely, that plants with large 
and conspicuous flowers are self-sterile, is far from true, 
‘as may be seen in our second list of spontaneously 
self-fertile species ; for this list includes such species as 
IpoDwea purpurea, Adonin sedividls, Verhascum thapjms, 
Pisum sativum, Laihijrus odoratus, some species of 
Papaver and of Nymphma, and otht^rs. 

The rarity of the visits of insec^ts to small floivers, 
does not depetad altogether on their iiuionspicia iisness, 
but likewise on the absence of sopie sufficient ttraction ; 
for the flowers of Trifolium ^rvense are OAnomely 
small, yet are incessantly visited by hive and humble- 
bees, as are the small and dingy flow(;rs of tho 
'asparagus. The floWers of Jjiiiario^ eijnibalaria are 
small and not very conspicuous, yet at the proper time 
they are freely visited by hive-bees. 1 may add that, 
according to Mr. Bennett,* there is another and quiti^ 
dvitinct class of plants which cannot be much frequented 
by insects, 'as they flower either exclusively or often 
during the winter, and these seem adapted for self- 
fertilisation,* as they shed their poljon before the flowers 
expand. 

That many flowers have been rendered conspicuous 
♦ ‘Nature/ ISSO, p. 11, 
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for the sake of guiding insecfs to them is highly 
probable or almost certain ; but it may be asked, have 
other flowers been rendered inconspicuous so that they 
may not be* frequently Visited, or have they merely 
retainecl Reformer and primitive* condition ? If a plant 
wer8 much reduced in size, so probably would be the 
flowers through correlated growth, and this may possibly 
accoiyit for some cases ; but the size and colour of the 
corolla are both extremely variable characters, and it 
can hardly be doubted that if large and brightly- 
coloured flowers were advantageous to any species, 
thes(3 could be acquired through natural selection 
within a moderate lapse of time, as indeed we see with* 
most alpine plants. Papilionaceous flowers are, mani- 
festly constructed in relation to the visits of insects, 
and it seems improbable, from the usual character of 
tlie group, that the progenitors of the genera Vicia 
and Ih'itMium produced such minute and unattractive 
flowers as those of V, Mrsuta and T, lyr^umhens. We 
iw tlius led to infer ipxt some plants either have not 
’ I t':eir flowers increased in size, or have actualljj 
-.u them reduced and purposely rendered incon- 
spicuous, so that the^ are now but little visited by 
iiise<;ts. In eitljer e^ise they mflst also have acquired^ 
or retained a high degree of self-fertility. • 

If it became from any 'pause advantageous to a spe- 
cies to have its capacity fbr self-fertilisation increased, 
there is little ditficulty in believing that this co^ld 
readily be effected; for three cases of pRints varying 
in such a manner as to be more fertile with their own 
pollen than they originally were, occurred in the 
(jourse of my few experiments, namely, with Mimulus, 
Ipomcea; and Nicotiana, Nor is there any reason to 
doubt that many kinds of plants are capable under 
favourable circumstances of propagating themselves 

2 c 
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for very many generations by self-fertilisation. ’ This 
is the case with the varieties of Pisum 8ativuni‘ and 
of Lathyrus odoratus which are cultivated in England, 
and with Ophrys ajnfera and Some other plants in a 
state of nature. Nevertheless, most w all of these 
plants retain structures in an efficient state which 
cannot be of the least use excepting for cross- 
fertilisation. We have also seen reason to suspect 
that self-fertilisation is in some peculiar manner bene- 
ficial to certain plants ; but if this be really the case, 
the benefit thus derived is far more than counter- 
balanced by a cross with a fresh stock or with a 
‘ slightly difterent variety. 

Notwithstanding the several considerations just 
advanced, it seems to me highly improbable that 
plants bearing small and inconspicuous flowers have 
been or should continue to be subjected to scdf- 
fertilisation for a long series of generations. * 1 think 
so, not from fthe evil which manifestly follows frcan 
self-fertilisation, in many cases^even in the first gene- 
riftion, as with Viola tricoloVy Sarothainnus, Nemo- 
phila, Cyclamen, &c. ; nor from the probability of th(^ 
evil increasing after several generations, for on this 
latter head I have not' sufficient evideuce, owing to the 
mamaer in which my experiments w^ere conducted. But 
if plants bearing small and inconspicuous flowers were 
not occasionally intercrossed* and did not profit by the 
process, all their flowers would probably have been 
rendered cMstogene, as they would thus have largely 
benefited by having to produce only a small quantity 
of safely-pfotected pollen. In coming to this con- 
clusion, I have been guided by the frequency with 
which plants belonging distinct orders have been 
rendered cleistogene. But I can hear of no instance 
of a species with all its flowers rendered permanently 
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cleistogene. •Leersia makes the nearefst approach to 
this sfat(3 ; but as already stated, it has be,en known 
to pi’oduce perfect flowers in one^ part of (Germany. 
Some otjier plants of the cleistogene class, for instance 
Aspicarpa, Jiave failed to produce perfect^flowers during 
several years in a liothous(i ; but it does not follow that 
they would fail to do so in their native country, *any 
more than*with Vandellia, which with me profliiced 
only cleistog(ine flowers during certain years. Plants 
belonging to this* class commonly bear both kinds of 
flowers every season, and the perfect flowers of Viola 
canina yi<dd fine capsules, but only when visited by 
bees. We have also seen that the seedlings of Ononis 
mimitissima, raised from the perfect flowers fertilised 
with pollen from another plant, were finer than those 
from self-fertilised flowers; and this was likewise the 
case to a certain extent with Vandellia. As therefore 
no species which at one time bore small and incon- 
spfcuous Jlowers has had all its flo\^u*s rendorect 
cleistogene, I must believe that plants i\pw bearing 
small and inconsjncuous flowers profit^ by their still 
remaining open, so as to be occasionally intercrossc'd 
by insects.* It has been one of tha greatest ^oversights 
in my work tliai •! did not expcu’imentise on such 
flowers, owing to tht‘. difficulty of fertilising them, and 
to my not having seen the ^importance of the subj(‘ct.^ 


♦ Somo of flie spe^ieB Sola- 
num would be ^oo.l onoB fog such 
experiments, for they are said by 
H. MUyer (‘ Bufruobtim^,* p. 4S1) 
to be unattractive to iiisocts from 
not secreting nectar, not producing 
much pollen, and not being very 
conspicuous. Hence probai)ly it 
is that, according to Verlot Pro- 
duction dcsVarie'teV 1^65, p. 72). 
the varieties of “les aubergines 
ot les tomatos” (species of Solu- 


num) do not intercross when thty 
are cultivated neaf together ; biit 
it should bo remembered that 
these are not endemic species. 
On the other liiyni? tiie flowers of 
the common potato tuberosum), 
though they do not secrete nectar 
(jj^iirr, * Bedeutung der Nektn- 
nen,* 1833, p. 40), yet canimt be 
considered us inconspicuous, and 
they are sometimes visited Ity 
Diptera (Muller) and, ns I have 

2 0 2 
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It should be remembered that in two of the cases in 
which highly self-fertile varieties appeared amongst 
my experimental plants, namely, with'^Mimulus and 
Nicdtiana, such varieties were greatly be!hefited by a 
cross with a fresh stock or with a slightly different 
variety; and this likewise w'as the case with the 
cultivated varieties of Pisum sativum and Lathyrus 
odoratuSy which have been long projiagated by self- 
fertilisation. Therefore until the contrary is distinctly 
proved, I must believe that as a geiKV’al rule small and 
inconspicuous flowers are occasioually intercrossed by 
insects ; and that after long-continued self-fertilisation, 

’ if they arc crossed with pollen brought from a plant 
growing under somewhat diflerent conditions, or 
descended from one thus growing, their offspring 
would profit greatly. It cannot be admitted, under 
our present state of knowledge, that self-fertilisation 
continued during many successive generations is over 
the most ben'oficial method of reproduction. 

* The Means which favour or ensure Flowers being fer- 
tilised with Pollen from a distinct Plant — We have seen 
in four cases that seedlings raised from a crofs between 
^‘flowers on the same ^plant, ever on plants appearing 
distinct from having been propagated by stolons or cut- 
tings, were not superior to seedlings from self-fertilised 
flowers; and in a fifth dase (Digitalis) superior only 
ip a slight degree. Therefore we might Expect that 
with plants'‘growing in a state of nature a cross between 
the flowers on distinct indivjduals, and not merely 
bet\^'een the flowers on the same plant, would generally 

seen, by humble-bees. TiiiZ- bear seed when fertilised witli 
manii (as quoted in * CrJurdeners’ pollen from tbo same variety, but 
(Chronicle,* 184(), p. 183) ft)uud were fertile with that from an- 
that some of the varieties did not* other variety. 
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or often be effected by some means. ,Tlie fact of bees 
and of* some Diptera visiting the flowers of the same 
species as long* as they can, instead of promiscuously 
visiting .various species, favours tte intercrossing of 
distinct plants. *On the other Iiand, ijsects usually 
search a large number of flowers on the same plant 
before they fly to another, and this is opposed to crt)ss- 
fertilisation! The extraordinary number of flowers 
which bees are able to search within a very short space 
of time, as will be^hown in a future cliapter, increases 
the chance of cross-fertilisation ; as does the fact 
that they are not able to perceive without entering a 
flower wbetlier otlier bees have exhausted the nectar. 
For instance, H. Muller found* that four-fifths af the 
flowers of Lamium album which a humble-bee visited 
had been already exhausted of their nectar. In order 
that distinct plants should be intercrossed, it is of course 
indispensable that two or more individuals should grow 
neir one another ; and this is generally tlt3 case. Thu5 
A. de Candolle remarks that in ascending a mountain 
the individuals of the same species do not commonly , 
disappear near its upper limit quite gradually, but 
rather ab|japtly. This fact can Hardly be explained 
by the nature of the conditions, as these graduate away^ 
in an insensible manner, and it probably depends in 
large part on vigorous seecllings being produced only 
as high up the mountain 5s many individuals can 
subsist together. . • 

With respect to dioecious plants, distinct* individuals 
hiust^ always fertilise each other. With monoecious 
plants, as pollen has to be carried from ftow^er to flower, 
there will always be a good chance of its being carried 
from plant to plant. Delpine has also observed f the 

* * Die Befruchtung,* &c. p. t ‘ Ult. Osservazioni,’ &c., part 
311. ii. fasc. ii. p. 337. 
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curious fact that, certain individuals of the monoecious 
walnut {Juglans regia) are proterandrous, and others 
proterogynous, and these will reciprocally fertilise each 
other. So it is with the common nut {Coryius auella^ia), * 
and, what is ^ more surprising, with* some few her- 
maphrodite plants, as observed by II. Miiller.t These 
lattfer plants cannot fail to act on each other like 
dimorphic or trimorphic species, in which the?' union 
of two individuals is necessary for full and normal 
fertility. AVith ordinary honnaplv’odite species, the 
expansion of only a few flowers at the same time is one 
of the simplest m(?ans for favouring the intercrossing of 
distinct individuals ; but this would render the plants 
less Qoiispicuous to insects, unless the flowers were of 
large size, as in the case of several bulbous plants. 
Keriier thinks { that it is for this object that the 
Australian Villarsia pamassi/olia produces daily only 
a single flower. Mr. Cheeseman also remarks, § that 
Us certain Oi'chids in New Zealand , whioli require 
insect-aid for their fertilisation bear only a single 
flower, distinct plants cannot fail to intercross. 

Dichogamy, which prevails so extensively throughout 
the vegetable kingdom, much increases theichance of 
^ distinct individuals intercrossing; With proterandrous 
species, which are far more common than pro- 
terogynous, the young flowers are exclusively male 
in function, and the ol(fer ones exclusively female; 
avd as bees habitually alight low-down on the spikes 
of flowers in order to crawl upwards, they get dusted 
with i)ollon from the uppermost flowers, whichr they 
carry to the stigmas of the lower and older flowers 
on the next spike which they visit. The degree to 

* ‘Nnture,* 1875, p. 26. t ‘Hie Si'lmtzmittel/ &c. p. 23. 

*'Pie BcUruclitimg/ &c, pp. § 'Transact. New Zealand In- 
2S5, 839. - Btitute/ vol. v. 1873, p. 356. 
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wliicli distinct plants will thus be intercrossed depends 
on the number of spikes in full flower at the same time 
on the same ‘plant. With proterogynous flowers and 
with (JjepenUing racemes, the maimer in which insects 
visit the.flowcls ought to be ‘reversed in order that 
distinct plants should be intercrossed. But this whole 
subject requires further investigation, as the* great 
impertance of crosses between distinct individuals, 
instead of merely between distinct flowers, has hitherto 
been hardly recognised. 

In some few cases the special movements of certain 
organs almost ensure pollen being carried from plant 
to plant. Thus with many orchids, the pollen-masseS 
after becoming attached to the head or probosgis of an 
insect do not move into the proper position for striking 
the stigma, until ample time has elapsed for the insect 
to fly to another plant. With Spirantlies mitimnalis^ 
the pollen-masses cannot be applied to the stigma until 
flic lalifellum and rostellum have mowed apart, and 
this movement is very slow.* With Posoq^ieria /ra- 
ff vans (one of the Rubiacea}) the same encl is gained* b^ 
the movement of a specially constructed stamen, as 
describe^ by Fritz Muller. , 

AVe now coiqe-tcjba far mor^ general and therefofe 
more important means by which the mutual fertilisation 
of distinct plants is eflected, namely, the fertilising 
power of pollen from andther variety or individual 
being greater Jihan that of a plant’s own pollen, ^he 
simplest and beat known case of j)re*^otent action 
in pollen, though it does not bear directly on our 
present subject, is that of a plant’s owir pollen wer that 
from a distinct species. If pollen from a distinct species 
be placed on the stigma of a castrated flower, and then 

♦ ‘The Vurious Contrivances Orchids are fertilised,' lst]^dit. 
by which British and Foreign p. 128. 
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after the interval several hours, pollen from the* same 
species be placed on the stigma, the effects of the 
former are wholly obliterated, excepting in some rare 
cases. If two varieties are treaied in the same nianner, 
the result is analogous, though of ditectlyr opposite 
nature ; for pollen from any other variety is often or 
generally prepotent over that from the same flower, I 
will give some instances : the pollen of Mimtdus luteus 
regularly falls on the stigma of its own flower, for the 
plant is highly fertile when insects are^excluded. Now 
several flowers on a remarkably constant whitish variety 
were fertilised without being castrated with pollen from 
a yellowish variety ; and of the twenty-eight seedlings 
thus rajsed, every one bore yellowish flowers, so that 
the pollen of the yellow variety completely overwhelmed 
that of the mother-plant. Again, Iberis umhellata is 
spontaneously self-fertile, and I saw an abundance of 
pollen from their own flowers on the stigmas ; neverthe- 
less, of thirty seedlings raised from non-castrated flowers 
of a crimson variety crossed with pollen from a pink 
variety, twenfy-four bore pink flowers, like those of the*, 
male or pollen-bearing parent. 

In these two cases flowers were fertilised wilii pollen 
fjjm a distinct variety, and this wa^ shown to be 
prepotent by the character of tho offspring. Nearly 
similar results often follow when two or more self-fertile 
varieties are allowed to grow near one another and are 
visifed by insects. The common cabbage produces a 
large number ‘of flowers on the same stalk, and when 
insects are excluded these set many capsules, moderately 
rich in seeds.^ I planted a white Kohl-rabi, a purple 
Kphl-rabi, a Portsmouth broccoli, a Brussels sprout, 
and a Sugar-loaf cabbage near together and left them 
uncovered. Seeds collected from each kind were sown 
in ifeparate beds ; and the majority of the seedlings in 
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all five beds were mongrelised in tl^ most complicated 
manner, some taking more after one variety, and some 
after another. The elfects of the Kohl-rabi were 
particijlarl]^ plain in the cnlarged*stems of many of the 
seedlings. Alfogether 233 plants wore raised, of which 
I 5 S were mongrelised in the plainest manner, and of 
the remaining 78 not half were absolutely pute. I 
repeated •the experiment by planting near together 
two varieties of cabbage with purple-green and white- 
green lacinated# leaves; and of the 325 seedlings 
raised from the purple-green variety, 1(55 had white- 
green and 160 purple-green leaves. Of the 460 seed- 
lings raised from the white-green variety, 220 had 
purple-green and 246 white-green leaves. Thq^e cases 
show how largely pollen from a neighbouring variety 
of the cabbage effaces the action of the plant’s own 
pollen. We should bear in mind that pollen must be 
carried by the bees from flower to flower on the same 
Ihrgo Wanching stem much more alfundantly th^n 
from plant to plant ;• and in the case of plants the 
flowers of which are in some degree dichogamoug, 
those on the same stem would be of different ages, and 
would thus be as ready for mutual fertilisation as the 
flowers on distijiet. plants, were ft not for the prepotenijy 
of pollen from another variety.* • 

Several varieties of the radish {Baphanus saiivm)^ 
which is moderately selt-fertile when insects are ex- 
cluded, were in flower at the same time in my garden* 
Seed was collected from one of them, and out of twenty- 
twc^seedlings thus raised only twelve were true to their 
kiiid.t 

• A writer in the * Gardeners’ the seeds 
Chronicle* (1855, p, 730) says •result was that pcnrcely one seed- 
that he planted a bed of turnips ling was true to its kind, and 
{Brassica rapa) and of rape (J9. several closely resembled rapei 
napua) close together, and sowed f Duhamel, as quoted by God* 
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The onion produces a large number o# flowers, all 
crowded toj^ether into a large globular head, Vach 
flower having six stamens ; so that the stigmas receive 
plenty of pollen from their own and the adjoining 
anthers, Conse^queutly the plant is fairly self-fertile 
when protected from insects. A blood -red, silver, 
globe'^and Spanish onion were planted near together ; 
and seedlings were raised from each kind in* four 
separate beds. In all the beds mongrels of various 
kinds were numerous, except amongst ihe ton seedlings 
from the blood-red onion, which included only two. 
Altogether forty-six seedlings were raised, of wliich 
thirty-one had been plainly crossed. 

A siyiilar result is known to follow with the varieties 
of many other plants, if allowed to flower near together : 
I refer here only to species whicdi are capable of 
fertilising themsedves, for if this be not the case, they 
w ould of course be liable to l )0 (U‘ossed by any other 
vifriety growing near. Horticulturists do not co^nmonly 
distinguish betw een the eflects (rf variability and inter- 
crossing ; but I have collected (n idenee on the natural 
crossing of varieti(?s of the tulip, hyacinth, anemone, 
ranunculus, strawberry, Leptoniphon androsaceus^ orange, 
rhododendron and rhulwirb, all of whi(di, plants I believe 
to be "Self-fertile.* 3Iuch other indirect evidence could 

f 

j*on, ‘ Do ^E^peco,* tom. ii. p. .50, liave myself known extensivu 
makes tin tinaUigon8 Htatcment cruHsinf^io omir with the common 
will* Tcspcct to thid pluntj* rhubarb. rForUiptouiphon, Verlot, 

* With respect to tulips and ‘DesVnrietes,’ p. ‘20, lluivc 
some other flowers, set! Gexiron, not included in my list the Car- 
•De rKspece/ tom. i. p. 252. For nation, Nemophila, or Antir- 
anemones, ‘ Garf*. t Jhron.* 1S,59, rhinuiti, the varieties of which are 
p. 98. For strawhenics, see Her- known to citwa freely, b(*canse 
bert in ‘Transact, of Hort. Soc.’ these plants are not always self- 
vol. iv. p. 17. The same observer fertile. I know nothing about 
elsewhere speaks of the sjionta- the self-fertility of Trollins (IjO- 
neoiis crossing of rhododendrons. eoq, *De la Ft^ndution,’ 1862, 
.GaKesio makes the same state- ^ p. 93), Mahonia, and Orinnm, in 
ment witli respect to oranges. I which genera the species intercross 
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be given with respect to the extent to which varieties 
of flie same species sjKmtaneously intercross. 

Gardeners who raise seed for sale are compelled by 
dearly boftght experience to take extraordinary pre- 
cautions, agaihst intercrossing. Thus Messrs. Sharp 
“ flave land engaged in tlie growth of seed in no less 
tlian ciglit parishes.” The mere fact of a vast number 
of •plants belonging to the same variety growing 
together is a considerable protection, as the chances 
are strong in faquir of plants of the same variety inter- 
crossing ; and it is in chief part owing to this circum- 
stance, that certain villages have become famous for 
pure seed of particular varieties.* Only two tria!s 
wi-re made by me to as(?ertain after how long ai^ interval 
of time, pollen from a distinct variety would obliterate 
more or less completely the action of a plant’s owm 
j)olleu. The stigmas in two lately expanded flowers on 
a variety of cabbage, called llagged Jack, wore well 
•covered with pollen from the same plant. After* an 
interval of twenty-tlu’ee hours, pollen from the Early 
Barnes Cabbage growing at a distance was placed yn , 
both stigmas; and as the plant wns left uncovered, 
pollen from other flowers on tlje Ragged Jack would 
certainly have^beeu left by th*e bees during the nftct 
t>vo or three days on the same two stigmas. •Under 
these circumstances it "seemed very unlikely that the 
pollen of the Barnes calJbage w^ould produce any effect ; 
but three out .of tJie fifteen plants raised from th% tw o 
capsules thus produced were plainly mofigrelised : and 
1 Jiave no doubt that the twelve other plants were 

largdy. With respect to Mnlionia, so freely that pare seed could not 
it is now BCAioely possible to pro- be saved. 

oui-e in this country pure speci- ♦ With respect to Messrs. Sharp, 

mens of M, (iqmfolinm or re^.m;* see * Gardeners’ Chronicle,* 1850, 
and the various species of Grinum p. 823. Lindlcy’s ‘ Theory of Hor- 
sent by Herbei t (• Amaryllidneeaa/ ticulture,’ p. 319. 
p. 32} to Calcutta, crossed there 
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affected, for they grgw much more vigorously than the 
self-fertilised seedlings from the Ragged Jack plarfted 
at the same time and under the same conditions. 
Secondly, 1 placed on several stigmas of a long-sityled 
cowslip {Primula veris) plenty of pollen from the same 
plant, and after twenty-four hours added some from a 
short-styled dark-red Polyanthus, which is a variety of 
the cowslip. From the flowers thus treatcxi thirty 
seedlings were raised, and all these without exception 
bore reddish flowers ; so that the eflect of the plant’s 
own pollen, though placed on the stigmas twenty- 
four hours 2 )reviously, was quite destroyed by that of 
the red variety. It should, however, be observed that 
these plants are dimorphic, and that the second union 
was a legitimate one, whilst the first was illegitimate ; 
but flowers illegitimately fertilised with their own pollen 
yield a moderately fair sujiply of seeds. 

We have hitherto considered only the prei)otont 
fertilising powei of pollen from a distinct variety over 
a plant’s own pollen, — both kinds of pollen being 
jilaced on the same stigma. It is a much more re- 
markable fact that jiollen from another individual of 
the same variety is prepotent over a plant’s own pollen, 
as shown by the suj^enority of the s^dlings raised 
from a cross of this kind over seedlings from self- 
fertilised flowers. Thus in Tables A, B, and C, there 
are at least fifteen species which are self-fertile when 
inse<^ts are excluded ; and this implies, that their stigmas 
must receive iheir own pollen ; nevertheless, most of 
the seedlings which were raised by fertilising tlie non- 
castrated flowers* of these fifteen species with pollen 
from another jfiant were greatly superior, in height, 
weight, and fertility, to the self-fertilised offsining,* 

* 9hese fifteen species consist of ^ and lutea, Limnanthes doUglasii^ 
Brawiea cHeracea^ Reseda odorata * Papaver valgum, VUoaria oeulata^ 
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For Instance, with Ipomoea purpurea every single inter- 
cro&ed plant exceeded in height its self-fertilised 
opponent uhtil the sixth generation ; and so it was 
wdtli Mimitlus luteus until the foiirth generation. Out 
of six p^i^rs of Ijrossed and self-fertilised cabbages, every 
oife of the former was much heavier than the latter. 
With Papaver vagurriy out of fifteen pairs, »11 but 
two. of the crossed plants were taller than their self- 
fertilised opponents. Of eight pairs of Lupinus luteus^ 
all but two of the crossed were taller ; of eight pairs 
of Beta vulgaris all but one ; and of fifteen pairs of Zea 
mays all but two were taller. Of fifteen pairs of Lim- 
iianthes douglasii, and of seven pairs of Lactuca safivu, 
every single crossed plant was taller than its^ self-fer- 
tilised opj)onent. It should also be observed that in 
these experiments no particular care was taken to cross- 
fertilise the flowers immediately after their expansion ; 
it is therefore almost certain that in many of these 
Vases gome pollen from the same ftower will have 
already fallen on aiK^ acted on the stigma. 

There can hardly be a doubt that* several other 
si^ecies of which the crossed seecllings are more 
vigorous than the self-fertilised^ as shown in Tables A, 
B, and C, besijies the above fifteen, must have recei'^d' 
their own pollen and that from another plant at»nearly 
the same time ; and if* so, the same remarks as those 
just given are applicable to them. Scarcely any result 
from my experiments has surprised me so much this 
of the prepotency of pollen from a distinct individual 
ov^r each plant’s own pollen, as proved by the greater 
constitutional vigour of the crossed* sSedlings. The 
evidence of prepotency is here deduced from the 


Beta vulyariSf Lupinus luteus^ VandelUa nummular i/oliay Las- 
Ipomota purpurea^ mvtmduB luteue, tuca saiiva^ and. ilea mays, • 
Calceolaria^ Verbascum thapsus, 
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comparative growth . of the two lots of seecHings ; hut 
we have similar evidence in many eases from the 
much greater fertility of the non-eastrated flowers on 
the mother-plant, when these received at tlie same time 
their own pollen and fhat from a distinct plant, in 
comparison with the flowers which received only their 
own pollen. 

From the various facts now given on the spontaneous 
intercrossing of varieties growing near together, and on 
the eflects of cross-fertilising flowers which are self- 
fertile and have not been castrated, we may conclude 
that pollen brought by insects or by the wind from 
a*^ distinct plant will generally prevent the action of 
pollen from the same flower, even though it may have 
bfjen applied some time before; and thus the inter- 
crossing of plants in a state of nature will be greatly 
favoured or ensured. 

The case of a great tree covered with innumerable 
heitaaphrodite 'flowers seems at first sight strongly 
opposed to the l>elief in the freumuicy of intercrosses 
between distinct individuals. The flowers which grow 
on the opposite sides of such a tn^e will have been 
exposed to somewhat different conditions, and a cross 
*be'cwecn them may perhaps be in some degree l>eneficial; 
but it is not j»robable that it would be nearly so bene- 
ficial as a cross between flowers on distinct trees, as we 
may infer from the inefficiency of jM)llen taken from 
plants which have been propagated from the same 
stock, though growing on separate roots. The number 
of bees which frequent certain kinds of trees when**in 
full flower is very great, and they may be seen flying 
from tree to tree more frequently than might have 
been expected. Nevertheless, if we consider how 
i^umerous are the flowers, for instance, on a horse- 
chestnut or lime-tree, an incomparably larger number 
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of flowers must b(3 fertilised by pollen brought from 
othe» flowers on the same tree, than* from flowers on a 
distinct tree.* But we should bear in mind that with 
the horse-chestnut, for instance, only one or two of the 
several flowers on the same peduncle i)rodu<re a- seed ; 
au(i that this seed is the product of ^mly one out of 
several ovules within the same ovarium. Now we^know 
from^the experiments of Herbert and others* that if one 
flower is fertilised with pollen which is more efficient 
than that applied to the other flow^ers on the same 
j^eduncle, the lal;ter often drop off ; and it is probable 
that this would occur with many of tlie self-fertilised 
flowers on a large tree, if other and adjoining flowers 
were cross-fertilised. Of the flowors annually produced 
by a great tree, it is almost certain that a large 
number would be self-fertilised ; and if w^e assume 
that the tree produced only 500 flowc^rs, and that this 
number of seeds were requisite to keep up the stock, 
so that at least one seedling should hei^aftor struggle 
to maturity, then a large proportion of the seedlings 
would necessarily be iferived from self-feftilised seeds. 
But if the tree annually produced 5#, 000 flowers, dl* 
wliieh the self-fertilised dropped off without yielding 
seeds, then the , cross-fertiMsoi* flowers might yieki 
seeds in sufficient number to keep up the stock, and 
most of the seedlings would be vigorous from being 
the product of a cross between distinct individuals. 
In this manner the production of a vast number of 
flowers, besides* serving to entice numerous insects and 
to compensate for the accidental destruction of many 
flowers by spring-frosts or otherwise, ^oiid be a very 
great advantage to the species ; and when w e behold 
our orchard-trees covered w^h a white sheet of bloom 

* * Vuriation under Domestication,’ ch. xvii. %id edit. vol. ii. p. 1^0. 
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in the spring, we should not falsely accuse nature of 
wasteful expenditure, though comparatively little fruit 
is produced in the autumn. 

AnmiophUous Plants . — The nature and relations of 
plants which are fertilised by the wind have been 
admirably discussed by Delpino* and H. Muller ; and 
I have already made some remarks on the structure of 
their flowers- in contrast with those of entomojhilous 
species. There is good reason to believe that the first 
plants which appeared on this earth were cryptogamic ; 
and judging from what now occurs, the male fertilising 
^^lement must either have possessed the power of spon- 
taneous movement through the water or over damp 
surfaceij, or have been carried by currents of water to 
the femtilo organs. That some of the most ancient 
plants, such as ferns, possessed true sexual organs there 
can hardly be a doubt ; and this shows, as Hildebrand 
re;narks,t at h(^w early a period the sexes were sejparated. 
As soon as plants became phanerogamic and grew on 
the dry grouud, if they were ever to intercross, it would 
be indispensable that the male fertilising element 
should be transported by some means through the 
jpr ; and the wind is the skimpiest means of transport. 
Ther^ must also have been a period when winged 
insects did not exist, and plants would not then have been 
rendered entomophilous. Even at a somewhat later 
period the more sjjecialised orders of the Hymenoptera, 

w ' « » 


♦ Delpino, ‘Ult. Osservazioni 
Bulla Dicoganiia/ part ii. fasc. i. 
1870; and ‘StiMi sopra iin Lig- 
naggio anemofilo/ &c. 1871. H. 
Miuler, ‘lUe Befruchtung,' &c. 
pp. 412, 442. Both these authori^ 
remark that plants must ]iave 
been anemopliilous before they 
weft entomophilous, Muller 


further discusses in a very in- 
teresting muuuer the stepfcj by 
which entomophilous flowers be- 
came nectariferous and gradually 
acquired their present .structure 
through successive beneficial 
changes. 

t * Die Oescblechter-Yertheil- 
ung,' 1867, pp. 84-90. 
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Lepitlopteua, and Diptera, which aj*e now chiefly coii- 
ceriffed with the transport, of pollen, did not exist. 
Therefore the earliest terrestrial plants known to ns, 
namely, thfe Coniferae and CycadiaB, no doubt vvere ane- 
mophiloij^, likh the existing species^ of these same 
groups. A vestige of this early state of things is 
likewise shown by some other groups of plants Vhich 
are aneniophilous, as these on the whole stand lower 
ill the scale than ontomophiloiis species. 

There is no gw:‘at difficulty in understanding how an 
aneniophilous plant might have been rendered entomo- 
philous. I'ollen is a nutritious substance, and would 
soon have been discovered and devoured by insects; 
and if any adhered to their bodies it would hawe been 
carri<‘d from tlie anthers to the stigma of the same 
floiver, or from one flower to another. One of the chief 
characteristics of the pollen of anemojihilous plants 
is its iiieohorenee ; but pollen in this state can adhere 
t(5 the bodies of insects, as we Hoe with some 

Legiimino^e, Ericaceoe^ and Mclastomacc^. We have, 
however, better evidence of the possibility of a tran-i 
sition of the above kind in certain plants being now* 
fertilised jiartly by the wind aiyl partly by insects. 
The common rljubaub {BJieum rhaponticMm) is so far 
ill an intermediate condition, that 1 have seen fliany 
Diptera sucking the flowers, with much pollen adhering 
to their bodies; and yet the pollen is so incoherent, 
that clouds of it are emitted if the plant be gentty 
shaken on a sunny day, some of which could hardly 
fail Jo fall on the large stigmas of the neighbouring 
flowers. According to Delpino and H.*M!uller,* some 
species of Plantago are in a similar intermediate 
condition. 


2 D 


* ‘Die Befruchtung,’ &c. p. S-fS. 
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Although it is p^*obablc that pollen was rborigftially 
tlie sole attraction to insects, ami although many 
plants now exist whose flowers arc frequented exclu- 
siv^ily by pollen-devouring insects, yet the great 
majority secrete^ nectar as the chief attfaction. Many 
years ago I suggested that primarily the saccharine 
matter in nectar was excreted^ as a waste pi-oduct of 
chemical changes in the sap ; and that when the ex- 
cretion liappencd to occur within the envtdopcts of a 
flower, it avus utilised for the important object of 
cross-fertilisation, being subsequently much increased 
in (luantity and stored in A’arious ways. This view 
IS rendered probable by the leaves of some trees ex- 
creting0 under certain climatic conditions, without the* 
aid of special glands, a saccharine fluid, oftcui called 
ho;iey-dew’. This is the case Avith the ](?a.ves of the 
lime; for althoiigli some authors have disputed tiu* 
fact, a most capable judges. Dr. IMaxwell ]\rasters, 
informs me that, after having heard the discussions on 
this subject before the Horticultural Society, he feels 
no doubt on this head. The leaves, as Avell as the 
cut stems, of the manna ash (FraxinuH ornus) 'secretf* 
in a like manner saccharine matter.t According to 
Treviranus, so do the uppcT surfaces of the leaves of 
GardUus arctioides during hot weatluT. Many ana- 
logous facts could be giAaiiLj Inhere are, however, 
a considerable number of plants Avhich bear small 
gh nds§ on their leaves, petioles, phyllodia, stipules, 

Nectar was rcjpjardcd by § A large iiiiin])er of cases are 
De Caudollo ofud Diinal as an given by Delpino in the'^Biil- 
oxcretion, as stated liy Martinet Ictino l^ntonirdogico,’ Anno vi. 
in ‘Annul des Sc. Nat.’ 1872, tom. 1874. To these mny be added 
xiv. p. 211. those given in my text, as well 

t ‘ Qard. Chron.' 187(5, p. 242. ’ ns tiio excretion of snQcbarine 

X Kurr, ‘ Untersuchnngen tiber matter from the calyx of two 
dit Bedeiitung der Nektarien,’ species of Iris, and from the brae- 
1833, p. 115. * teaj of certain Crohidcas : see Kurr, 
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bractea;, of flower peduncles, or on# tlio outside of tlieir 
calyx, and these glands secrete minute drops of a swec^t 
fluid, wliuili is eag(*rly, sought by siigar-Joving insects 
su(?h -as ants, hive-bees, and ^ wasps. In the case of 
thp glands on the stipules of Vieia ^ativa, the excre- 
tion manifestly de2)ends on changes in the sap, con- 
sequent on the sun shining brightly ; for I repeatedly 
obs(!rved* that as soon as the sun was hidden behind 
clouds the secretion ccuised, and the hiv(i-bet‘s left the 
flcld; but as s(foir as the sun broke out figain, they 
returned to their feast."^ lhave observed an analogous 
fact Avith the secretion of true nectar in the flowers of 
Lobelia erinus, 

Delpino, howev(u% mainhiins ^ that the p(#wcr of 
s(‘creting a sweet fluid by any extra-floral organ has 
been in every case sjjecially gaim^d, for the sake, of 
attracting ants and wasps as dcd'onders of the plant 


‘^edoiitUBf? cler Nt ktaricii,’ ISJJJJ, 
l^p. 25, 2S. Uelt hIho refers (‘ Ni- 
cara^fuii,* p. 224) to a similar 
rx»;retiou by many (.•pi])liytal or- 
chids and passion-flowers. Mr. 
Uofljrers Ims seen much neclar 
secreted froui the bases of the 
llower-ped uncles of Vanilla. lank 
says thift the only B^xainjl^^ of a 
hyi)f>pctalons nectary known to 
him is externally at the base «f 
the flowers of Chironiadraussata^: 
see ‘Keports on llotauy, Kay So- 
ciety,* 18f(>, p. .-loS. An impor- 
tant memoir boariiH? onHliis siib- 
ject'has lately appeared by Keinkc 
(‘ Gottiuj^en Naclirichton,’ 1873, 
p. 8*4^), who shows that in many 
plants .the tips of the serrations 
on the leaves in the hud bear 
glands which secrete only at a 
very, early age, and which have 
the same morphological structure 
as true nectar-secreting glands. 
Ho further shows that the metar- 
secreting glands on the petioles 


of Prunus at^am are not dove- 
loj^ed at a very early age, yet 
wither away on#th(^ old leayes. 
They are homologous with thosy 
on tlio serrations of the blades of 
the same leaves, ns shown by 
their ^ti ncture and by transition- 
%bnijs; for the lowest serrations 
on the blades of most of the leaves 
secrete nectar instead oi^ resin 
(^harz). 

* I published a hrhjf notice of 
this casQ in the ‘ Gard. Chronicle,* 
185.5, July 21, p. 487, and after- 
warils made further observations. 
Besides the hiVe-bee, another 
species of bee, a moth, ants, and 
two kinds of flies sucked the 
drops of fluid Bn the stipules. 
The larger drops tasted sweet. 
The hive-bees never even looked 
yit the flowers which were open 
at the same time; whilst two 
species of humhle-hoes neglected 
the stipules and visitiMl only fhe 
flowers. 


2 1 ) 2 
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against their enemies; but I liave never* seen' any 
reason to bejievc that tliis is so with the three species 
observed by me, namely, Prunus laurocerasics, Vicia 
sativa, and V,faha. No plant is so little attached by 
enoinies of any, kind as the common bracken-fern 
{Pteris aquilina ) ; and yet, as my son Francis has 
discovered, the large glands at the base's of the fronds, 
but only whilst young, excrete much sweetish fluid, 
which is eagerly sought by innunierabh^ ants, chiefly 
belonging to Myrmica; and tliese ants certainly do 
not serve as a ju'otection against any (‘iiemy. Delpino 
argues that su(ih glands ought not to be considered as 
excretory, bf^caus(' if tlu^y wi're so, they would be 
])resont*in every sixojcs; but I cannot see much force 
in this argunn'iit, iis the h'aves of some plants excrete' 
sugar only during certain states of the weather. That 
in some cases the secretion serves to attract insects as 
defend(}rs of the plant, and may have been developed 
to a high degifbe for this S})ecial purpose, I Inive not 
the least do^ibt, from the obs/'^rvations of I)elj)ino, 
and more (ispecjally from those of Mr. licit on Acacia 
fiphseroceq)hala^ and on passion-flowers. This acacia 
likewise produces, as cm additional attraction to ants, 
small bodies containing much oil 4ind protoplasm, and 
analogous bodies are developed by a Cecropia for the 
same purpose, as described by Fritz Muller.* 

The exenition of a sweet fluid by glands seated 
outoide of a flower is rarely utilised as a means for 
(*ross-fertilisation by the aid of insects ; but this occurs 
with tlie bn|jctea3 of the Marcgraviacem, as the ^atf? 

* Mr. Uelt has given a most cropia, eeo ‘ Nature,* 187G, p. 304. 
interesting Recount Natu- My son Francis has described the 

ralist in Nicaragua,* 1874, p. 218)* microscojncal structure and dove- 
of the paramount importance of lopment of these wonderful food- 
antS as deienders of tiie above Ixidies in a paper road before the 
Acacia. With respect to the Oe-^ Linnean Society. 
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Dr. Crugeii informed mo from actiig,! observation in the 
WeSt Indies, and as Delpin^o infers with much acuteness 
from the reRitivo position of the several parts of their 
flowerjs.'^ Mr. Farrer fias also shown t that tlie flowers 
of Coroi^illa afe curiously modified, so that bees may 
fertilise them whilst sucking the fluid secreted from 
the outside of the calyx. It further appears pit)bable 
from the* observations, of llcv. W. A. Leiighton, that the 
fluid so abundantly secreted by glands on the phyllodia 
of the Australian Acacia maffnijicay which stand near 
the flowers, is connected with their fertilisation.^ 

The amount of pollen produced by anemophilous 
plants, and the distance to which it is often trans- 
ported by the wind, are both surprisingly gre^t. Mr. 
Hassall found that the weight of* pollen produced by a 
single j)lant of the bulrush (Typha) was 144 grajns. 
Buck(;tfuls of ])ollon, chiefly of Conifbra) and Gra- 
minefc, have \mm swept off* the de(dvs of vess<ds near 
the N(|i’th Aiiiericau shore; and Mr.dtiley has stoi 
the ground near St.^ouis, in Missouri^ covered with 
pollen, as if sprinkled with sulphur ; and there w^s 
good r(3ason to beli(ive that this hud1b(*on transported 
from the pine-forests at least ^Ot) miles to the south. 
Kern^ has seen tl^e snow^fieltls on the higher AIJ)s 


* ‘Ult. Osservaz. Dicoganiia,’ spaces. I furtlier 8ii"iu:csted, in 
18(i8-6a, p. ISS. • tiio case of some oth(^r orciiids 

f * Nature*,’ 1874, p. lai). which do not secrete nectar, that 

X ‘Annals and Mii^. of Nat. insects fjjtui wed the labellumi and 

Hist.’ vol. xvi. I8ti5, p. 14. In this suggestioii has since ^oen 

my work on the ‘ Fertilisation of proved true. li. Miiller ami Del- 

Orchids,* and in a pai>er siibse- yino have now shown tl»at some 

tlue1^tly publislnxl in the ‘ Annals other plants hit^e thickened pe- 

and Mag. of Nat. History,' it has tals which are sucked or gnawed 

been shown that altliough certain by iiiseets, their fertilisation being 

kinds of orchids possofs a nectary, thus aided. All the known facts 

no nectar is actually secreted ' by • on this head iiavo lK*en collected 

it ; but that insects penetmte the by Dclpino in his ‘ lilt. Osserv.* 

ihner walls and suck the fluid part ii. fasc. ii. 1875, pp. 5l)-C3, 

contained in the intercellular 
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similarly dusted ; ijiid JMr. Blackley funnel numerous 
pollen-brains, in one instance 1200, adherinjV to 
sticky slides, wliicli were sent np to a lieibkt of from 
500 to 1000 feet by means of a kite, and tliep un- 
C()V(‘red by a s]^)e(nal meclianism. It is re^iiarkable 
that in these oxpendments tlioro were on an average 
nineteV?n times as many pollen-grains in tlie atmosphere 
at the liigher than at the lower levels.* Considering 
th(JS(i facts, it is not so surprising as it at lirst appears 
tliat all, or nearly all, the stigmas ^f aiunnophilons 
plants should r(‘c.eivc pollen brought to th(nn by mere 
chance by the wind. During the early part of summer 
tN’ory object is thus dusted with ])olh*n; for instance, 
I examiped for another pur])os(? the labdla of a larg(‘ 
number of flowers of the Fly Ophrys (wliicli is rarely 
visited by insects), and found on all very many pollen- 
grains of other plants, which had been cauglit by their 
velvety siirfac^os. 

The extraor(iinary cpiantity and lightness* of the* 
pollen of anem(»])hilous plaiits^^ are no doubt both 
necessary, as their pollen lias generally to be carried 
to the stigmas o^' other and often distant flowers ; I'or, 
as we shall soon see, piost anemopliilous plants have 
tUeir sexes S(‘parated. 'The fertiliijation of thcs(5,i)lants 
is gcliorally aided by the stigmas being of large 
size or plumose ; and in the' case of the ConiferaD, 
by the naked ovules secreting a drop of fluid, as 
shopn by Delpino. Although tho number of ane- 

• For Mr. HasRall’s observu- Kenier, ‘Dio Schutzmittel dew 
tioiiR see ‘ Annjjls and Mag. of Pollens/ 1S73, p. (j. Tin’s aiithor 
Nat. Hist.* vol. viii. 1842, p. lOS. lias also seen u lake in tho Tyrol 
In the ‘ North American Journal so covered witli pollen, that the 
of Science/ Jan. 1842, there is nn water no longer appeared blue, 
account- of the jiollen swept otf< Mr. Blackley, ‘ Experimental Be- 
the of a vessel. Kiloy, searches on Hay-fover,* 1878, 

‘ FjHp »»^|K)rt on the Noxious pp. 182, 141-152. 

Inserts of Missouri/ 1878, p. 80^ 
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mopniloiis# species is small, as tlm author just quoted 
remarks, tlie number of ^dividuals is large in com- 
parison with that of entomophiloiis species. This 
holdj^ good especially in cold and temperate regions, 
where iftsects*are not so numerous as undei’ a warmer 
climate, and where consequently eutomophilous plants 
are less favourably situated. We see this in our 
forests of (Jonifera3 and other trees, such as oaks, 
booclu^s, birches, ashes, &c. ; and in the (Tramineai*, 
(>y[)nrace?e, and Juiicacese, which clothe our meadows 
and swamps ; all tliese trees and plants being fertilised 
by the wind. As a large quantity of pollen is wasted 
by anemophilous plants, it is surprising that so maify 
vigorous species of this kind abounding with individuals 
should still exist in any part of the world; for if they 
had been rendered entomophilous, their pollen would 
have been transported by the aid of tlio senses and 
appetites of ins(M;ts with incomparably greater safety 
*than by the wind. That such a. conversion is possible 
can hardly be doubted, from the remarks lately made 
on the existence of intermediate forms; and apparehtjy , 
it has been effected in the group of willows, as we may 
infer from the nature of their nearest allies.* 

It^eems at^ firsts sight a stfll more surprising feet 
that j)lants, after having been once rendered entomo- 
philous, should ever ag*ain have become anemophilous ; 
but this has occasionafly though rarely occurred, for 
instance, with,the,common l^oterium sm^uisorha^ a^may 
be inferred from its belonging to the Bosacese. Such 
canes are, however, intelligible, as almost all plants 
require to be occasionally intercrosseef ; and if any 
entomophilous species ceased to be visited by insects, 
it would probably perish unless it were rendered 


* H. Miillor, ‘Die Bofruclitung,* &c. p. 149 . 
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anemophilous. A plant would be neglected by insects 
if nectar failed to be secreted, unless indeed a large 
supply of attractive pollen was present; and from 
what we have seen of the excretion of saccharine fluid 
from leaves and glands being largely governed in 
several cases by climatic influences, and from some 
few flowers w'hich do not now secrete nectar still 
retaining coloured guiding-marks, tlie failurt) of»the 
secretion cannot be considered as a very improbable 
event. The same result would follow to a certainty, 
if winged insects ceased to exist in any district, or 
became very rare. Now there is only a single 
plant in the great order of the Crucifera% namely, 
Pringlea, which is anemophilous, and this plant is 
an inhabitant of Kerguelen Land,^ where there 
are hardly any winged insects, owing ])rol)ably, as 
was suggested by me in the case of Madeira, to 
the risk which they run of being blown out to sea and 
des*troyed. . 

A remarkable fact with respect to anemophilous 
plants is that Ihey are often diclinous, that is, they are 
either monoecious with their sexes separated on the 
same plant, or dioecious with their sexes on distinct 
plants. In the class Moncecia o^iLinumus, Dejnino 
shows t that the species of twenty-eight genera are 
anemophilous, and of seventeen genera entomophilous. 
In the class Dioocia, the species of ten genera are 
aneDjoj)hilous and of nineteen entomophilous. The 
larger proportion of entomophilous genera in this 
latter class is probably the indirect result of inseats 
having the pdVer of carrying pollen to another and 
sometimes distant plant much more securely than the 

«r 

* The Bev. A. E« Eaton in t ‘Studi sopra un Jji^iiaggio 
‘ ProCfc Royal Soo.* vol. zxiii. 1875, anemofilo delle Composito3,* 1871 . 
p. 351. 
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wind* In the above two classes taken together there 
are t;hirty-eight anemophilous and thirty-six ento- 
mophilous genera ; wliereas in the great mass * of 
hermaphrodite plants t&e proportion of anemophilous 
to entonviphildiis genera is extremely small. The 
cause of this remarkable difference mfiy be attributed 
to anemophilous plants having retained in a greater 
degree than the entomophilous a primordial condi- 
tion, in which the sexes were separated and their 
mutual fertilisation effected by means of the wind. 
That tlie earliest and lowest members of the vegetable 
kingdom had their sexes separated, as is still the case 
to a large extent, is the opinion of a high authority,* 
Nageli."* It is indeed difficult to avoid th\p con- 
clusion, if we admit the view, which seems highly 
probable, that the conjugation of the Algai and, of 
some of the simplest animal's is the first step towards 
sexual reproduction ; and if we further bear in mind 
that a greater and greater degree of •difforentiatidn 
between the cells wluch conjugate can be traced, 
thus leading apparently to the development of th^ 
two sexual forms.! We have also seen tliat as 
plants became more highly dev(;loped and affixed to 
the {g;friund, thgy* wc^uld be coApelled to be aiiem^- 
philous in order to intercross. Therefore all plants 
wliich have not since 15een greatly modified, would 
tend still tp be both diclinous and anemojffiilous ; and 
we can thus uudeiistaiid the connexion between tl^^Se 
two states, although they appear at first sight quite 


liJutsteliung Tind Uegrilf der 
nalurhist. Art/ 1S65, p. 22, 
t Soe the interesting discus- 
tion on this whole subject by O. 
Biitschli in his ‘ Studicn iiber die 
ersten Entwickplungsvorgiinge der 
Eizelle/ &c. 1876, pp. 207*219. 


Also, Engelmann, “TTeber Ent- 
wickelung von Infneorien,” * Mor- 
piiol. Jahrbuch/ B. i. p. 573. 
^Iso, Dr. A. Dodel, “ Die Kraus- 
haar-Alge/* ‘ Pringsheims .Jahrb. 
f, wifis. IBot.* B. X. 
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disconnected. If this view is correct, plants must have 
been rendered hermaphrojjites at a later though still 
very early' pciriod, and entoraojdiilous at a yet later 
period, namely, after the development of wiriged pisects. 
So that the relationship between hermaphroditism and 
fertilisation by means of insects is likewise to a certain 
extent intelligible. 

Why the descendants of plants which were origiaially 
dioBcious, and which therefore profited by always inter- 
crossing with another individual, should have been 
converted into liermaphrodites, may ]>erhaps be ex- 
plained by the risk wliich they ran, espc^eially as long as 
'they were anemophilous, of not being always fertilised, 
and copsequcntly of not leaving ofi[*sj)ring. This latter 
evil, the greatest of all to any organism, would have 
been much lessened by their becoming hermaphrodites, 
though with the contingent disadvantage of frequent 
self-fertilisation. By what graduated steps an herma- 
phrodite condition was actpiirod we do not knew. But 
we can see that if a lowly organised form, in which 
the two sexes were represcmted by somewhat difl'erent 
individuals, were to increase by budding either before 
or after conjugation, the two incipient sexes would 
be capable of appeariing by budji on tin? samq^ stock, 
as occasionally occurs with various cliaract(‘Ts at the 
present day. The organism would then be in a 
moncecious condition, and this is probably the first 
stQp towards hermaphroditism ; for jf very simple 
male and febiale flowers on the same stock, each con- 
sisting of a single stamen or pistil, were brought 
together anti surrounded by a common envelope, in 
nearly the same manner as with the florets of the 
Compo8ita3, we should have an hermaphrodite flower. 

There seems to be no limit to the changes which 
organisms undergo under changing conditions of life ; 
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and s6me hermaphrodite plants, descended as we must 
belioVe from aboriginally diclinous plants, have had 
their sex(^s a*gain separated. That this has occurred, 
we maj infcfl’ from the presence of rudimentary stamens 
in tlie ilo^vers of some individuals, and of rudimentary 
pisfils in th(j flowers of other individuals, for example 
in Lychnis dioica. But a conversion of this kind will 
not.have ^iccurred unless cross -fertilisation was already 
assured, generally by the agency of insects ; but why 
tlie production ©f male and female flowers on distinct 
j)lants should have been advantageous to the species, 
cross-fertilisation liaving been previously assured, is 
far from obvious. A plant might indeed produce twictf 
as many seeds as were necessary to keep up its numbers 
unden* mnv or clianged conditions of lif(‘ ; and if it did 
not vary by bearing fewer flowers, and did vary in the 
state of its reproductive organs (as often occurs under 
cultivation), a wasteful expenditure of seeds and pollen 
w\)uld bg saved by tlie flowci’s becoming#diclinous. • 

A related point is wyrth notice. 1 remarked in my 
Origin of Species that in Britain a much larger pfo-^ 
portion of trees and bushes than of herbaceous plants 
have their sexes separated ; and ^ so it is, according to 
Asa toay and ^)ok^r, in Jjorth America and New 

Zealand.* Jt is, how^ever, doubtful how far thi» rule 

• 

* I find ill tlie ‘London Cati^ and Dr. Hooker calculates that 
logueofHritish Plants/ thnt there out of about 75(> phanerogamic 
are thirty-two iiidigenyus trees plants inhabiting the islands no 
an(> bushes in (.Treat Britain, less than B)8 ai^ trees, belong- 
classed under nine families; but ing to thirty-liVe families. Of 
to err on the safe side, I have these 108 trees, tifty-two, or 
counted only six species of wil- very nearly half, 'ijave their sexes 
lows. Oi' the ihirty-two trees and more or less separated. Of biishes 
buslies, nineteen, or more than there are 149, of which sixty- 
half, huve fheir sexes separated ; one have their sexes in the same 
and this is an enormous prnpor- %tate; whilst of the remaining 
tion compared with other British 500 herbaceous plants only 121, 
plants. New Zealand abounds or less than a fourth, have t^Joir 
with diclinous phints and trees ^ sexes separated. Lastly, Prof. 
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holds good generally, and it certainly dogs not* do so 
in Australia. But I have been assured that the flbwers 
of the prevailing Australian trees, ‘ naiindy, the 
Myrtaceje, swarm with insects,' and if they are^ dicho- 
gainous they would be practically diclinous,.* As far 
as anemophilous plants are concerned, wo know that 
they«are apt to have their sexes separated, and we can 
see that it would be an unfavourable circuinstaiioe. for 
them to bear their flowers very close to the ground, as 
their pollen is liable to be blown high u[) in the air ; t 
but as the culms of grasses give sufficient elevation, 
we cannot tlius account for so many trees and bushes 
+)eing diclinous. We may infer from our previous 
discussion that a tree bearing numerous hermaphrodite 
flowers would rai'cly intercross with another tree, 
except by means of tlui polhm of a distinct individual 
being prepotent over th(} plant’s own pollen. Now the 
separation of the sex<'s, whether the plant were anenio- 
philoiis or entomophilous, would most effectually bfi'r 
self-fertilisation, and this may Ut) the cause of so many 
trbes and bushes being diclinous. Or to put tlu^ enso 
in another way, a j)lant >vould be bi'tter fitted for 
development into a tree, if the sexes were separated, 
tiian if it were hermikphiWite ; /*or in the forin(.‘r case 
its numerous flowers would be less liable to continued 


Asa Gray informs mo that in tho 
United States there are 132 native 
trc<fe (heloiijrinnr to twenty-live 
families) of wliioli ninety-five (be- 
longing to seventeen families) 
“have their sexes more or less 
separated, for Ihe* greater part 
decidedly separatc-d.” 

* With respect to the ProtOaceas 
of Australia, Mr. Benthain ro^. 
marks C Journal Linn. Soc. Bot.’ 
vol. xiii. 1871, pp. 58, 64) on tho 
yanous contrivances by which the 


stigma in the several genera is 
screened from the action of the 
jxdlen frbm the same llower. iFor 
instanoc, in Hynaplioa “ the stigma 
is held by tho ouiiiioli (i.e., one 
of the starnons which is btfrreti) 
safe from all pollution from lior 
brother anthers, and is preserved 
intact for any |K)]len that may be 
inserted by insects and oilier 
agencies.” 

t Kerncr, * Bchutzmittel des 
Pollens,* 1873, p. 4. 
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self-f5rtilis^ion. But it should also be observed that 
the Rng life of a tree or bu§h permits of the separation 
of the sexes, with much less risk of evil from impreg- 
nation, occilsionally failing and seeds not being pro- 
duced, tluiii in *the case of short-lived plants. Hence 
it probably is, as ljeco(i has remarked, that annual 
])lants are rarely dioecious. • 

Kiiially, we have seen reason to believe that the 
higher plants are dc'seonded from extremely low forms 
which conjugated, and that the conjugating indi- 
viduals differed somewhat from one another, — the one 
representing the male and the other the female — so 
that plants were aboriginally dioecious. At a very 
early period such lowly organised dioecious, plants 
probably gave rise by budding to monoecious plants 
with tli<.> two sexes borne by the same individual ; and 
by a still (dosor union of the sexes to hermaphrodite 
plants, uhich are now much the commonest form.* 
As soon, as plants became affixed to thm ground, their 
pollen must have bet?n carried by some means from 
llowcr to flower, at first almost certainly*by the wifld^ 
then by pollen-devouring, and aftcrwWds by nectar- 
seeking insects. During subseg[uent ages some few 
eiitomophilous plants^ have been^gain rendered anem^- 
philous,and some hermaphrodite plants have had»their 
sexes again separated; •and we can vaguely see the 
advantages of such recurrent changes under certain 
conditions. 

l)icecious plants, however fertilised, .have a great 


* •There is a considerable 
amount of evidence tlsiit all the 
higher animals arc the descend- 
ants of hermaplirodites; and it is 
a curious problem whether such 
hermaphrcKiitism may not have 
been the result of the ‘Conjugation 
of two slightly different indivi- 


duals, which represented the two 
incipient sexCS. un this view, the 
higher animals may now owe 
their bilateral structure, with all 
rflieir organs double at an early 
embryonic period, to the fusion 
or conjugation of two prinlordial 
individuals. * 
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advantage over other plants in their cross-fertilisation 
being assured. But this .advantage is gained ih the 
case of anemophilous species at the expense of the 
production of an enormous superfluity of polleii, with 
some risk to them and to entomophilous species of 
their fertilisation occasionally failing. Half tlie in- 
dividuals, moreover, namely, the males, produce no 
seed, and tliis might possibly bo a disadvantage. 
Delpino remarks that dioecious plants cannot spread so 
easily as monoecious and hermaphrodite species, for a 
single individual which happened to reach some new 
site could not propagate its kind ; but it may be 
Uoubted whether this is a serious evil. IVIomecious 
plants pan hardly fail to be to a large extent dicecious 
in function, owing to the liglitness of their polliui and 
to the wind blowing laterally, with the groat, addi- 
tional advantagci of occasionally or often producing 
some self-fertilised seeds. When tlu^y are also di- 
chogamous, they are necessarily dicecdoiis in fiinctioii. 
Lastly, hermaphrodites ])lants caji generally producii at 
least some self-fertilised seeds, and they are at the 
same time capable, through the various means specified 
in this chapter, of ^cross-fertilisation. AVhen their 
stvucture absolutely plevents self-f< utilisation, tl^ey ari^ 
in the same relative position to one another as 
monoecious or dioecious plantJs, with wliat may be an 
advantage, namely, that every flower is capable of 
yielding seeds. 
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T|f|j Hai^^ts op Ixsects in eelation to the Fertilisation op 
Flowers. 

Insects visit tlio iiowirs of tlie same species as long as they can- Cause 
of this habit — Means by wlii<‘h bees recognise tlie flowers of the 
same sj»eeie.s — Siublen secretion <if nectar — Nectar of certain flowers 
unattractive to ei rtain insects— Industry of bees, and the number 
of flowers visited witliiii a short time — Perforation of the corollA 
hy bees — Skill shown in the operation — Hive-be(;s prf)fit by the 
holes niad(^ by humble-bees — Kflbcts of habit — The motife for per- 
I'oraiing flowers to save time — Flowers growing in crowded masses 
chiefly perforated. 

liEES and various otlior insects must be directed by 
ijistinct to search flowers for no(*.tar and pollen, as 
they acf in this manner without instruction as soon as 
they emerge from th^, pupa state. TJ#eir instiugts, 
however, are not of a specialised nature, for they visit 
many exotic flowers as readily as the endemic kinds, 
and they often search for iv3cta? in flowers which do 
not sjrcrete aiiyt; and^they may Tbe seen attempting to 
suck it out of nectaries pf such length that it cannot 
be reaidied by tbem.* ^Vll kinds of bees and certain 
other insects usually visit the flowers of the same species 
as •long as they cfln, before going to another spefties. 
Tliis fact was observed by Aristotle with* respect to the 

* Sec, on this subject, H. Mul- Hyraenoptcra have inherited from 

ler, ‘ Befruchtung,' '&c. p. 427 ; some early nectar-sucking pro- 

and Sir J. Lubbock’s ‘ British geuitor greater skill in robbing 

Wild Flowers.* &c. p. 20. Muller •flowers than tluit wliich is dis- 

assigiis (‘Biencu Zeituiig,* June played by insects heloiigiug to 
1870, p. 119) good reksons for his tlie other Orders, 
belief that bees and many other 
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hive-bee more than 2000 ye&rs afjo, and jivas noticed 
by Dobbs in a paper published in 1736 in the Fhilo- 
sophical Transactions. It may be observed by any 
one, both with hive and humbie-bees, in every flower- 
garden; not that the habit is invariably followed. Sir. 
Bennett watched for several hours* many plants of 
Laminm album, L. purpureum, and another Labiate 
plant, Nepeta gleclioma, all growing mingled.. togetJier 
on a bank near some hives ; and he ftjiind tliat each 
bee confined its visits to the same species. The pollen 
of these three plants differs in colour, so that he was 
able to test his observations by examining that which 
adhered to the bodies of the cajitured bees, and he 
found one kind on each bee. 

Humtde and hive-bees are good botanists, for they 
know that varieties may differ widely in the colour of 
their flowers and yet belong to the same species. I 
have repeatedly seen humble-bees flying straight from 
a plant of the„ordinary red Bictamnus fraxinella to u 
white variety; from one to another veiy differently 
coloured variety of Delphinium comolida and of 
Primula veris ; from a dark purple to a bright yellow' 
variety of Viola tricolor; and with two species of 
P'^.paver, from one variety to another which differed 
much, in colour; but in this latter case some oT the 
bees flew indifferently to either species, although pass- 
ing by other genera, and thus acted as if the two spe- 
cies were merely varieties. H. Muller also has seen 
hive-bees flying from flower to flower of Ranuncvlm 
ImlhoHus and arvenm, and of Trifolium fragiferum 
and repens ; - and even from blue hyacinths to b^ue 
violets.t 

Some species of Diptera or flies keep to the flowers 

♦‘Nature/ 1874, June 4th, t ‘Bicnen Zeitung/ July 1876, 
p. 92. p. 188. 
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of tliS sam^ species with almost as yiucli regularity as 
do Bfees ; and when capturQji they are found covered 
with pollen. * I have seen Bhingia rostrata acting in 
this mimnet with the ffowers of Lychnis dioica, Ajuga 
repians, aijd Vicia sepium. Volucella plumosa aiid Empis 
chetroptera flew straight from flower to dower of Myosotis 
sylvatica, Dolichopus nigripennis behaved in the ^ame 
manner with Potentilla tormentilla ; and other Diptera 
with Stellaria holostea, Hdianthemum vulgare^ Beilis 
perennis, Veronictt hedersefolia and chamoedrys ; but some ‘ 
flies visited indifferently the flowers of these two latter 
species. I have seen more than once a minute Thrips, 
with pollen adhering to its body, fly from one flower to* 
another of the same kind ; and one was observed by 
me crawling about within a convolvulus with four 
grains of pollen adhering to its head, which wore 
deposited on the stigma. 

Fabricius and Sprengel state that when flies have 
oAce entered tlie flowers of AristolocMa they nevdr 
escape, — a statement which I could not Ijplieve, as in 
this case the insects would not aid in the cross-fertifi-^ 
sation of the plant ; and this statement has now been 
shown by Hildebrand to be orrone!^)Us. As the spathes 
of Arum macula^ma aje furnished with filaments appgP- 
rentl)^ adapted to prevent the exit of insects, 1;hey 
resfimble in this res 2 )ect tRe flowers of Aristolochia; and 
on examining several spathes, from thirty to sixty 
minute Diptera JbdQnging to three species were found 
in some of them ; and many of these inseofs were lying 
dea(^ at the bottom, as if they had been permanently 
entrapped. In order to discover whether* the ^ living 
ones could escape and carry pollen to another plant, I 
tied in the spring of 1842 a»fine muslin bag tightly 
round a spathe ; and on returning in an hour’s time 
several little flies were crawling about on the inner 

2 E 



418 ^HABITS,OF INSECTS Chap. XL 

surface of the -bag. I then gathered a spathe and 
breathed hard into it; several flies soon crawled’out, 
and all without exception were dusted ith-arum pollen. 
These flics quickly flew away, and I distinctly saw 
three of them fly to another plant about a yard off ; 
they aliglited o'ji the inner or concave surface of the 
spathe, and suddenly flew down into the flower. I then 
opened this flower, and although not a single anther 
had burst, several grains of pollen were lying at the 
bottom, which must have been brought from anoth(?r 
plant by one of these flies or by some other insect. In 
another flower little flies were (jrawling about, and I 
caw them leave ])olleii on the stignias. 

I do not know whether Lepidoptera generally keep 
to the flowers of the same sp(^cios ; but 1 once observed 
many minute moths (1 believe Lamjyronia (Tinea) 
caithella) api)arently eating the pollen of Mercurialis 
anntiu, and they had the whole front of their bodies 
covered with pollen. I then went to a female plaiit 
some yards off, and saw in the course of fifteen minutes 
thvee of these moths alight on tiio stigmas. Lepidoptera 
are probably often induced to frequent the flowers of the 
same species, wheftfever these arc provided with a long 
and narrow nectary, aa in this case other insects cannot 
suck^the nectar, which will thus be preserved for those 
having an elongated proboscis. No doubt the Yucca 
moth* visits only the flowei^ whence its name is de- 
rived, for a most wonderful instinct guides this moth 
to place j)ollag on the stigma, so that the ovules may be 
developed on which the larvoB feed. With respectito 
Coleoptera, S have seen Meligcthes covered with pollen 
flying from flower to flower of the same species ; and 


• Described by Mr. Riley in the ‘ American Naturalist/ voL vii. 
Odr. 1873. 
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this iriust often occur, as, according •to M. Brisout, 
“ of the species affect only on5 kind of plant.” * 

It must nofbe supposed from these several statements 
that insects strictly cdrifine theif visits to the same 
S 2 )ccies. ^Tliey •often visit othdir species wh<m only a 
f(?u^j)laiits of the same kind grow neaf togcjther. In a 
flower-garden containing some plants of (Enother^i,, the 
poliqp of, which can easily be recognised, I found not 
only single grains but masses of it within many flowers 
of Miiuulus, Digitalis, Antirrhinum, and Linaria. 
Other kinds of pollen were likewise detected in these 
same fl<3wers. A large number of the stigmas of a plant 
of Tliym(»,in w hich the anthers were completely aborted^ 
w^ere examined ; and these stigmas, though scarcely 
larger than a split needle, were covered not oifly with 
p()lJ(m of 'rhyme brought from other plants by the bees, 
but with several other kinds of pollen. 

That insects should visit the flowers of the same 
speci(js as long as they can, is of giujjat importance 
to the plant, as it favours the cross-fertilisation of 
distinct individuals of^the same species ,• but no one 
will suppose that insects act in this maifner for the good* 
of the plant. The cause probably lies in insects being 
thus enabled to ^ork quiclft^r ; tthey have just learj^t 
how (io stand in*the best position on the flower, anjJ how 
laif and in w^hat direction to insert their proboscides.t 
They act on the same principle as does an artificer 
who has to make half-a-dozen engines, and who saves 
tiifle by making consecutively each whefjJL and part for 
all of them. Insects, or at least bees, seem much in- 
fluenced by habit in all their manifold pperations ; and 

* As quoted in ‘American Nat.* conclusion with respect to the 
May 1873, p. 270. •cause of insects frequenting as 

t Since these remarks were long as they can the flowers of the 
written, I And that H. Muller has sumo species : ‘ Bienen Zeltung/ 
cumo to almost exactly the same July 1876, p. 182. 

2 E 2 
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we shall presently see that this holds good in* their 
felonious practice of biting holes through the coroila. 

It is a curious question how bees recognise the flowers 
of the same species. ‘ That the coloured corolla is the 
chief guide cannot be doubted. On a fine day, when 
hive-bees were inVjessantly visiting the little blue flow‘<Jrs 
of Lobelia erinus, I cut off all the petals of some, and 
only the lower striped petals of others, and these flow*ers 
were not once again sucked by tlie bees, although some 
actually crawled over them. The rempval of the two 
little upper petals alone made no difference in their 
visits. Mr. J. Anderson likewise states that when he re- 
moved the corollas of the Calceolaria, bees never visited 
the flowers.* On the other hand, in some large masses of 
Geranium phsemi which had escaped out of a garden, I 
observed the unusual fact of the flowers continuing to 
secrete an abundance of nectar after all the petals had 
fallen oft* ; and the flowers in this state were still visited 
by. humble-bee^ But the bees might have learnt that 
these flowers with all their petals lost were still worth 
visiting, by finding nectar in ttiose with only one or 
two lost. The fcolour alone of the corolla serves as 
an approximate guide : thus I watched for some time 
humble-bees which weise v&iting exclusively plants of 


* ‘Gardeners* Chronicle,* 1853, would naturally produce sedUs 

]). 534. Kurr cut off the nectaries ii^der th(?se circumstances : but I 

from a lai ge number of flowers of am greatly tsurpri>ed tliat Ddyhi- 

fli-veral species, and found that nium constdidoj as well us aii- 

the f^i'eater number yielded seeds ; other species of Delphinium, arid 

but insects probiSiWy would not VioUi tricnlor, should have pro- 

perceive the loss of the nectary duced a fair supply of seeds when 

until they had inserted their pro- tlius treated ; but it does noflap- 

boscides into tiie wholes thus i^ear that he compared the number 

formed, and in <loing so would of the seeds thus productMl with 

fertilise the flowers He also re- those yielded by unmutiluted 

moved the whole corolla from a flowers left to the free access of 

considerable number of flowers, insects: ‘Bedeutung der Nck- 

and these likewise yielded seeds, tarien,* 1833, pp. 123-'135. 

Flowers which are self- fertile 
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the^hite-jflowered Spiranthes autimnalis, growing on 
short turf at a considerableKlistance apart;; and these 
bees often flew within, a few int?hes of several other 
plants with white flowers, and then without further ex- 
an^natiofi passed onwards in search o£ the Spiranthes. 
Again, many hive-bees wliich confined their visits to the 
common ling (Galluna vulgaris)^ repeatedly flew towards 
E}^a teiralix^ evidently attracted by the nearly similar 
tint of their flowers, and then instantly passed on in 
search of the Cftlluiia. 

That the colour of the flower is not the sole guide, is 
clearly shown by the six cases above given of bees 
which repeatedly passed in a direct line from one 
variety to another of the same species, although they 
boro very differently coloured flowers. I observed also 
bees flying in a straight line from one clump of a yellow- 
flowered CEnothera to every other clump of the same 
plant in the garden, without turning an inch from 
their course to plants of Eschscholtzia find others with 
yellow flowers which Ipy only a foot or ^wo on either 
side. In these cases tJie bees knew thg position of each 
plant in the garden perfectly well, as we may infer by 
the directness of their flight; sotliat they were guided 
by experience anil naemory. But how did they discover 
at first that the above varieties with differently cdloured 
flowers belonged to the^arae species ? Improbable as 
it may appear, they seem, at least sometimes, to recog- 
nise plants even* from a distance by their geteral 
aspect, in the same manner as we should? do. On three 
oceasions I observed humble-bees flying ^n a perfectly 
straight line from a tall larkspur (Delphinium) which 
was in full flower to another plant of the same species 
at the distance of fifteen y^rds which had not as yet a 
single flower open, and on which the buds showed ynly 
a fcxint tinge of blue. Here neither odour nor the^ 
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memory of formert visits could have com€ into jc^lay, 
and the tinge of blue was so faint that it.could hardly 
liave served as a guide.* 

[The conspicuousness «of the corolla 4oos not 'suffice 
to induce repeated visits from insects, unless "nectar is 
at the same time secreted, together perhaps witli 
some odour emitted. I watched for a fortnight many 
times daily a wall covered with Linaria cymhdlaria 
in full flower, and never saw a bee even looking at 
one. There was then a very hot da]f , and suddtnily 
many bees were industriously at work on the flowers. 
It appears that a certain degree of heat is necessary for 
the secretion of nectar; for I observed with Lobelia 
erinus tiiat if the sun ceased to shine for only half an 
hour, the visits of the bees slackened and soon ceased. 
An analogous fact with respect to the sweet excretion 
from the stipules of Vieia sativa has been already 
given. As in the case of the Linaria, so with Pedicu- 
laris sylvatica, Polygala vulgaris^ Viola tricolor, alid some 
species of Tjsifolium, I have wi|,tched the flowers day 
after day withovjt seeing a bee at work, and tlicn sud- 
denly all the flowers were visited by many bbes. Now 
how did so many bees‘ discover at once that the flowers 
w^ere secreting nectar ? 1 presume that it must have been 
by their odour ; and that as s^on as a few bees beg^n 
to suck the flowers, others of the same and of different 
kinds observed the fact and profited by it. We shall 
presfently see, when we treat of the 'perforation of the 
(jorolla, that bees are fully capable of profiting by the 

• A fact mentioned by H. flowers of the long-styled form, in 
Jduller (* Die Befrnchtnng,* &c., wbioh the anthers are seated low 
p. 847) shows that bees possess down in the tubular corolla. Yet 
acute powers of vision and dis- the difference in aspect between 
crimination ; for those engaged in the long-styled and short-styled 
ootleetiqg pollen from Primula forms is extremely slight. 
tJMor invariably passed by the 
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labour of oiher species., Memory ajso comes into play, 
for, as already remarked, .bees know the position of 
each clump of flowers in a garden. I have repeatedly 
seen ijiem passing round a corner, but otherwise in as 
stijiight a line'as possible, from one plant of .Fraxinella 
and of Linaria to another and distant one of the same 
species ; although, owing to the intervention o^ other 
plants, tile two were not in sight of each other. 

It would appear that either the taste or the odour of 
tlie nectar of certain flowers is unattractive to hive or to 
humble-bees, or to both ; for there seems no other reason 
why certain open flowery which secr(‘,te nectar are not 
visited by them. The small quantity of nectar secretdd 
by some of these flowers can hardly be the .cause of 
their neglect, as hive-bees search eagerly for the minute 
drops on the glands on the leaves of the Prmus la^ro- 
cemsus. Even the bees from different hives sometimes 
visit difierent kinds of flowers, as is said to be the case 
*by Mr^i Grant with respect to the Polyffnthus and Vtola 
tricolor* I have known humble-bees to ysit the flowers 
of Lobelia fulgens in ?)ne garden and not in another 8,t 
the distance of only a few miles. The cupful of nectar 
ill the labellum of Ejnpactis laiifolia is never touched 
by hive- or hiimblq-bees, although I have seen tlflem 
flyiifig close by ; and yet the nectar has a pleasant 
mste to us, and is habifually consumed by the common 
wasp. As far as I have seen, wasps seek for nectar in 
tjiis country iinly from the flowers of this Epij^ctis, 
Scrophularia aqtiatica, 8ymphoricarpus*%*acemo8a,^ and 
Tiitoma; the two former plants being endemic, , and 
the two latter exotic. As wasps are*solPond of sugar 

* ‘ Gard. Chron.’ 1844, p. 374. tbroe plants are alone visited by 

t The same fact appartiiitly wasps : * Nettarii Estraiiuziali, 
holds good in Italy, for Delpino Bullettlno Entomologioo,’ anno vi. 
Bays tiiut the flowers of these 
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and of any sweet fluid, and as they do not ,disdaiVi the 
minute drops on tKe glands of Prmus laurocerooSs, it 
is a strange' fact that they do not suck the nectar of 
many open flowers, frhich the^ could do without the 
aid of a proboscis. Hive-bees visit 'the powers of 
the Symphoricafpus and Tritoma, and this makes it ‘all 
the stranger that they do not visit the flowers of 
the Epipactis, or, as far as I have seen, those oi the 
Serophtdaria aquaiica; although they do visit the 
flowers of Scrophvlaria nodosa, at Jeast in North 
America.* 

The extraordinary industry of bees and the number 
of flowers which they visit within a short time, so that 
each flower is visited repeatedly, must greatly increase 
the chance of each receiving pollen from a distinct 
plant. ^Mien the nectar is in any way hidden, bees 
cannot tell without inserting their proboscides whether 
it has lately been exhausted by other bees, and 
this, as remarked in a former chapter, forces them to 
visit many more flowers than tliey otherwise would. 
But they endeavour to lose as little time as they can ; 
thus, in flowers having several nectaries, if they find 
one dry they do not tiy the others, but as I have often 
'obeerved, pass on to another flower. They work so in- 
dustriQUsly and effectually, that even in the caisfcv. of 
social plants, of which hundreds of thousands gr^w 
together, as with the severaF kinds of heath, every 
single flower is visited, of which evid^ce will presently 
be given. Tkpy lose no time and fly very quickly 
from plant to plant, but I do not know the rate, at 
which hive-btes -fly. Humble-bees fly at the rate of 
ten miles an hour, as I was able to ascertain in the' case 
of the males from their curious habit of calling at 


‘ Silliman’B American Journal of Science,* Aug. 1871. 
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certain fixed points, which made it easy to measure the 
time*taken in passing from/)ne place to another. 

With respect to the number of flowers which bees 
visit ip a §iven time, i observed that in exactly one 
mijiute a>humllle-bee visited twenty-four of the closed 
flowers of the Linaria cymhalaria ; another bee visited 
in the same time twenty-two flowers of the Symphori- 
cai^lMS racemosa ; and another seventeen flowers on two 
plants of a Delphinium. In the course of fifteen 
minutes a single flower on the summit of a plant of 
CEnothera was visited eight times by several humble- 
bees, and I followed the last of these bees, whilst 
it visited in the course of a few additional minuted 
every plant of the same sj)ecies in a large, flower- 
garden. In nineteen minutes every flower on a small 
plant of Nemopthila itisignis was visited twice. In pne 
minute six flowers of a Campanula were entered by 
a pollen-collecting hive-bee ; and bees when thus 
emplo}«ed work slower than when sucking nectlir. 
Lastly, seVen flower-stalks on a plant ^f Dictamnus 
fraxitiella wereobserved on the 15th of June 1841 diirlng 
ten minutes ; they were visited by thirteen humble-bees 
each of which entered many^ flowers. On the 22nd the 
same flower-stsilke w^e visited ^fithin the same time by 
ele>(f'n humble-bees. This plant bore altogethar 280 
Imwers, and from the kbove data, taking into con- 
sideration how late in tfie evening humble-bees work, 
each flower mTjst have been visited at least thirty tynes 
daily, and the same flower keeps oj)en during several 
da}(s. The frequency of the visits of bees is also some- 
times shown by the manner in which tbe petals are 
scratched by their hooked tarsi ; I have seen large beds 
of Mimulus, Stachys, and Lathyrus with the beauty 
of their flowers thus sadly defaced. 

Perforution of the Corolla hy Bees . — I have alre&dy 
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alluded to bees bijing holes in flowers for dhe salce of 
obtaining the nectar. They often act in this manner, 
both with endemic and exotic species, in many parts of 
Europe, in the United. States, and in the’Himalaya ; 
and therefore probably in all parts of tlie world. ^]'he 
plants, the fertitisation of which actually depends on 
insects entering the flowers, will fail to produce seed 
when their nectar is stolen from the outside ; *and‘eVen 
with those species wliich are capable of fertilising 
themselves without any aid, there can be no cross- 
fertilisation, and this, as we know, is a serious evil 
in most cases. The extent to whicli Immble-becs 
<iarry on the practice of biting holes is surprising : a 
remarkable case was observed by me near Bounui- 
mouth, where there were formerly extensive heaths. 
I took a long walk, and every now and then gathered 
a twig of Ulrica tetralix, and when I ha^' got a handful 
all the flowers were examined tl igli a huis. This 
pfocess was repeated many times , but thongli many 
hundreds weye examined, I' did. not succeed' in find' 
p ‘single flower which had ‘'not been pcuforatL 
Humble-bees ivore at the time sucking the flowers 
through these perforatioiv?. On the fid lowing <lay a 
la‘fge number of flowbrs were ^xamiped on another 
heath« with the same result, but here hive-bees Nsere 
sucking through the holes. This case is all tfie 
more remarkable, as the innumerable holes had been 
ina^e within a fortnight, for before that. time I saw \h.o 
bees everywhfere sucking in the proper maimer at the 
mouths of the corolla. In an extensive flower-ganden 
some large %eds of Salvia grahami, Stachys coccinea^ 
and Pentstemon argutus (?) had every flow'^er" per- 
forated, and many scores were examined. I hav^^ seen 
whole fields of red clover (TrifoUum pratense) in the 
same state. Dr. Ogle found that 90 per cent, of the 
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flowers of Salvia glntinosa had been bitten. In the 
Unifed States Mr. Bailey gp-ys it is difficult to find a 
blossom of the iiaiiye ^Gerardia pediculaAa without a 
hole in it; and Mr. Gentry, in speaking of the intro- 
di:|f ed Wistaria Hineiisis, sa-vs tliat uearl v every flower 
had been perforated.”^ 

As far us I have seen, it is always humble-bees ^hich' 
tir3t*bitcr the holes, and they are well fitted for the work 
Ijy i)ossessing powerful mandibles ; but hive-bees after- 
wards profit the holes thus made. Dr. H. Muller, 
however, writes to me that hive-bees sometimes bite 
holes thrc.c^h flowers of Erica tetralix. No insects 
ex(H^pt becis, tli Jie single exception of wasps in thfe 
case of Tritoma, have sense enough, as far I have 
observed, to profit by the holes already made. Even 
humble-bees do not always discover that it would, be 
advantagemis to lem to perforate certain flowers. 
There is an abundant supply of nectar in the nectary 
of Troffwohim trieolo' yet 1 have found this phfnt 
iintouelied in mov' than one garden, whije the flowers 
of ( e* plants bfien extensively perforated ; buj; 

tew years ago Sir J. Lubbock’s gardener assured 
tliat ho had seen hiynbl€;-bees boring through 
Isie iKjetary ol^this Jropaeolunf. Muller has obser^d 
.^>iprfble-bees trying to suck at the mouths ©f the 
ltf)wors of Primula elatlor and of an Aquilegia, and, 
failing in their attempts, they made holes through 
tljp corolla ; but they often bite holes, although ^ey 
could with very little more troubiS obtain the 
no«tar in a legitimate manner by the mouth of the 
corolla. 

Dr. W. Ogle has communicated to me a curious ease. 

♦ 

* Dr. Ogle, ‘ Pop. Scieiioe Re- p. 690. Gentry, ibid. May 1875, 
view,* July 1S69, p. 267. Bailey, p. 264. 

‘American Naturalist,* Nov. 1873, 
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He gathered in Switzerland 100 flower-stems of the 
common blue variety of *jthe monkshood (Aconitum 
napellus), and not a single flower was perforated ; he 
then’ gathered 100 stems of a white variety guowing 
close by, and every one of the open flowers had b^en 
perforated. This surprising difference in the -state of 
the flowers may be attributed with much probability 
to the blue variety being distasteful to bees, from' the 
presence of the acrid matter wiiieh is so general in the 
Banxinculaceae, and to its absence in tko wliite variety 
in correlation with the loss of the blue tint. Accord- 
ing to Sprengel,* this plant is strongly protorandrous ; 
ft would therefore be more or less sterile unless bees 
carried „pollcn from the younger to the older flowers. 
Consequently the wliite variety, the flowers of which 
were always bitten instead of being projierly entered 
by the bees, would fail to yield the full number 
of seeds and would be a comparatively rare plant, 
as Dr. Ogle informs me was the case. r 

Bees show^^much skill in their manner of working, 
for they always make their holes from the outside 
close to the spoi where the nectar lies hidden within 
the corolla. All the flow^ejs in a largo bed of Stachys 
coteinea had either one or tw^o slit§. madp on the upper 
side (if the corolla near the base. The flowers Ssf a 
Slirabilis and of Salvia eoccinea w^cre perforated in tnn 
same manner ; whilst those of Salvia grahami^ in which 
the^alyx is much elongated, had both the calyx and tj^e 
corolla invariably perforated. The flowers of Pentstemon 
argutus are broader than those of the plants just named, 
and two holfes alongside each other had here always 
been made just above the calyx. In these several' cases 
the perforations were on the upper side, but in 


* • Das Entflgckte/ &c. p. 278. 
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rhimfin mdjua one or two holes had been made on the 
lower side, close to the little protuberance which je- 
presents the liectary, and therefore directly^ in front of 
and close to the spot where the nfictar is secreted. 

But thp most remarkable cash of skill and judgment 
known to me, is that of the'perforatioif of the flowers of 
Lathy r us sylvestris, as described by my son Francis.* 
The, nectar in this plant is enclosed within a tube, 
formed by the united stamens, which surround the 
pistil so closely that a bee is forced to insert its 
probos(;is outside the tube ; but two natural rounded 
passages or orifices are left in the tube near the base, 
in order that the nectar may be reached by the beesi 
Now my son found in sixteen out of twenty-four flowers 
on this plant, and in eleven out of sixteen of tliose on 
the cultivated everlasting pea, which is either a variety 
of the same species or a closely allied one, that the 
left passage was larger than the right one. And here 
Cannes t^ie remarkable point, — the humbl%bees bite holes 
through the standard-petal, and they alw^ays operated 
on the left side over i^he passage, which* is generally 
the larger of the two. My son remark^: “ It is difficult 
to say how the bees could have* acquired this habit. 
Whether they di^overed the inequality in the size iof 
th(^iectar-holes in sucking the flowers in the groper 
w&y, and then utilised this knowledge in determining 
where to gnaw the holef; or whether they found out 
the best situation ^by biting through the standarc^ at 
vatious points, and afterwards rememberQ^ its situation 
in ysiting other flowers. But in either case they show a 
remarkable power of making use of whfirt they have 
learnt by experience.” It seems probable that bees 
owe their skill in biting hqles through flowers of all 


* * Nature,’ Jan, 8, 1874, p. Ifc9. 
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kinds to tlioir having long practised the ^instinct of 
moiilding cells and pots oj wax, or of enlarging tlieir 
old cocoons with tubes' of wax; for they are thus 
compelled to work on the inside and outside 9 f the 
same object. 

In the early part of the summer of 1857 I was 
led to. observe during some weeks several rows of the 
scarlet kidney-bean (Phaseohis muUiJlorus)^ whilst 
attending to the fertilisation of this plant, and daily 
saw humble- and hive-bees sucking cat the Tmouths 
of the flowers. But one day I found several liumbh?- 
bees em])loyed in cutting holes in flower after flow('r ; 
and on the next day ev'ery single hive-bee, without 
exception, instead of alighting on the left wing-petal 
and sucking the flower in the ])roper manner, flew 
straight without the least hesitation to the calyx, and 
sucked through the holes which had been made only 
the day before by the humble-bees ; and they e(»n- 
tiiiued this habit for many following days.* ]V^r. Belt 
has communicated to me (July ,28th, 1874) a similar 
case, with the sole difference that less than half of the 
flowers had been perforated by the humble-bees ; 
nevertheless, all the hive-bees gave up sucking at the 
mouths of the ^flowers aad visit<3<l exclusively the bitten 
ones, f Now how did the hive-bees find out so quii<(vly 
that holes had been made ? liistinct seems to be out 
of the question, as the plant is an exotic. The holes 
caiigot be seen by bees whilst standing on the wing- 
petals, where '^they had always previously alighted. 
From the ease with which bees were deceived w’hen Jhe 
petals of Lolelicb erinus were cut off, it was clear that 
in this case they were not guided to the nectar by its 
smell; and it may be doubted whether they were 


* ‘ Gard. Oltton/ 1857, p. 725. 



Chap. XL rEUFOKATION OF THE OOROJiLA, 4^1 

attrao4;?3(l td the holes in the flowers of- the Phaseolns 
by the odour emitted from them. •Did they perceive 
the holes by* the sense of ^buch in their proboscides, 
whilst sucking the flowers in the •proper manner, and 
then reason that it would save ^hem time to alight on 
th^ outside of the flowers tind use tlte holts? This 
seems almost too abstruse an act of reason for J^ees ; 
and it is jnore probable that they saw the humble-bees 
at work, and understanding what they were about, 
imitatcid them and took advantage of the shorter path 
to the nectar. Even with animals high in the scale, 
such as monkeys, we should be surprised at hearing 
that all the individuals of one species within thg 
space of twenty-four hours understood an act per- 
formed by a distinct species, and profited by it.* 

I have repeatedly observed with various kinds 
of flowers that all the hive and humble-bees which 
were sucking through the perforations, flew to them, 
wlictlier on the upper or under side ^f the corolla, 
without the least hesitation; and this shows how 
quickly all the indiyduals . within the^ district had 
acMpured the same knowledge. Yet habit comes intd 
play to a certain fextent, as in so many of the other 
operations of bejes. Dr, @glq,* Messrs. Farrer ajid 
13elJ. have obsef ved ifl the case of Phamolus multijlorus* 
ttat certain individuals* went exclusively to the per- 
forations, wliile others of the same species visited 
only the mouths of the flowers. I noticed in 1861 
exactly the same ^ct with Trifolium So^er- 

sistont is the force of habits that when a bee which is 
vi^ting jDerforated flowers comes to oqe which has not 
becn*bitten, it does not go to the mouth, but instantly 

* Dr. Ogle, * Pop. Science Re- • Hidt’ 4th series, vol. ii. 1868, p. 
view,’ April 1870, p. 167. Mr. 2o8. Mr. Belt in a letter to me. 
Farrer, ‘ Annals and Mag. of Nat. 
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flies away in search of another bitten flower. Never- 
theless, I once saw a humble-bee visiting the hybrid 
Rhododendrbn azaloides^ and it entered the mouths 
of some flowers and cut holes into the others. Dr. 
H. Muller informs me that in the same district he has 
seen some indi\iduals of Bomhtis mastrucatus boring 
through the calyx and corolla of Rhinanthm alederch 
lophu8y%n^ others through the corolla alone. Different 
species of bees may, however, sometimes be observed 
acting diiSFerently at the same time on the same plant. 
I have seen hive-bees sucking at the mouths of the 
flowers of the common bean ; humble-bees of one kind 
sucking through holes bitten in the calyx, and humble- 
bees of another kind sucking the little drops of fluid 
excreted by the Stipules. . Mr. Beal of Michigan 
informs me that the flowers of the Missouri currant 
{Rihes aureum) abound with nect8l^f^ so that children 
^ often suck them; and ho saw htve-bees sucking 
through holes luade by a bird, the oriole, and /it the 
same time humble-bees sucking in the proper manner 
at tlie mouths of the flowers.* /This statement about 
the oriole calls to mind what I have before said of 
certain species of humming-birds boring holes through 
the flowers of the Brugmansia, whilst other species 
entered by the mouth. v 

The motive which impels bees to gnaw holes through 
the corolla seems to be the saving of time, for they 
lose much time in climbing into and out of large 
flowers, and iit forcing their heads into closed ones. 
They were able to visit nearly twice as jpiiny flow^ers, 
as far as I coaJde judge, of a Stachys an^ Peiitstemon 


♦ The flowGM of Oic* Uiboa «ro 4 through and roh aeven flowers 
hlnirKiVi'r sornctifnes jH'rfonited by of their lioiifv in a minute: 
hWBblo-becs, an<l Mr. Bundy say. * American Natniulirt,’ l«7e, p. 
tiMt*they were able to bite 288. 
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by tvliglithig on the upper surface the corolla 
aii(l*s*ucking throiigh the cut holes, than by entering in 
the proper way. Nevertheless each bee before it 
has had much practice, must dose, some time in 
making each new perforation, ospecially when the per- 
foAtion has to be made* through fcoth calyx and 
corolla. This action therefore implies foresight, of 
wl)j(^h fg,culty we have abundant evidence iii their 
building operations; find may we not further believe 
that some trace of their social instinct, that is, of 
working for tin* good of other members of the com- 
munity, may here likewise play a part ? 

Many yciars ago 1 was struck with the fact thaj) 
humble-bees as a general rule perforate flowers only 
when these grow in large numbers near together, "'ll! 
a garden wh(‘re there were some vi^ry large beds of 
Stachys eoccinea and <d‘ Pentstemon aryiitiis, every single 
flower was pcu'forated, but 1 found two plants of the 
former species growing quite separate with their petals 
much scratched, showing that they had ijoen frequently 
visit(Ml by bees, ainr^yet not a singl« flower ^as 
perforated. I found also a separate plant of the 
Pentstenion, ajid saw bees entering the mouth of the 
corolla, and not a^single flo\\^rha*d been perforated. JLn 
th(} following year (1.842) 1 visited the same garden 
several times: on the lyth of July liumble-beeS were 
sucking the flowers of» l^iachys coecinea and Salvia 
grahwnii in the proper maiJner, and none of the corollas 
w%re perforaten. ^n the Tth of xVugust all the fto^ers 
were perforated, even those on some few plants of th^ 
Safvia which gnnv at a little distance^ frqpi the great 
b('d. , 0.11 the 21st of August only a few flowers on the 
summits of the spikes of both species remained fresh^ 
and not one of these was noW bored. Again, in my own 
garden every plant in several rows of the common bpan 
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had many flowers perforated ; but I found tnree plants 
in separate parts oi the garden which had sprung up 
accidentally, and these had not a singlfe flower per- 
forated. General Sirachey formerly saw ^inany per- 
forated flowers in a garden in the Himalaya, and he 
wrote to the owner to inejuire whether this relation 
betw<jen tlie plants growing crowded and their per- 
foration by the bees there held good, and was answered 
in the affirmative. Hence it follows that the red 
clover {Trifolium p^ateme) and the common bean when 
cultivated in great masses in fields, — that Erica tetraJios 
growing in large numbers on heaths, — rows of the 
ttcarlet kidney-bean in the kitchen-garden, — and masses 
of any species in the flower-garden, — are all eminently 
liable to be perforated. 

The explanation of this fact is not difficult. Flowers 
growing in large numbers aftbrd a rich booty to the 
bees, and are consi)icuous from a distance. Th(‘y arc 
c<Mise(|uently visited by crowds of these insects, and I 
once counted betW'Cen twenty and thirty bees flying 
ab?)ut a bed of Pentstijmon. They are thus stimulated 
to W'ork quicklj by rivalry, and, what is much more 
important, they find a large proportion of the flow^ers, 
as suggested by my son,* with their ^nectaries sucked 
dry. ^ l"hey thus waste much time in searching many 
empty flow ers, and are led to bite the holes, so cs 
to find out as quickly as possible whether there is any 
iHMjtar present, and if so, to obtain it. 

Flowers w^hich are partially or wholly sterile unless 
visited by insects in the proper manner, such^ as 
those of most species of Salvia, of Trifolium pratensey 
Phaseolus multiflorus, &c., will fail more or less* com- 
pletely to produce seeds if*.the bees confine their visits 


* Nature/ Jan. 8, 1874, p. 189. 
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to thft perforations. The perforated ffowers of those 
specJfes, wliich are capable oi fertilising themselves, will 
yield only self-fertilised seeds, and the seedlings will 
in consequence bo less vigorous. ^Thefefore all plants 
miist suffer in some degree when*bees obtain their nectar 
in a felonious manner by* biting holes through the 
corolla ; and many species, it might be thought, itould 
tlnls* be •exterminated. But here, as is so general 
throughout nature, there is a tendency towards a restored 
equilibrium. If a plant suffers from being perforated, 
fewer individuals will be reared, and if its nectar is 
highly important to the bees, these in their turn will 
suffer and decrease in number ; but, what is much mor(f 
effective, as soon as the plant becomes soyiewhat 
rare so as not to grow in crowded masses, the bees 
will no longer be stimulated to gnaw holes in Ijie 
flowers, but will enter them in a legitimate manner, 
]\[ore seed will then be produced, and the seedlings 
being the product of cross-fertilisation wMl be vigorous, 
so that the species will, tend to increase in number, to 
be again checked, as softn as the plant again grows In ^ 
crowded masses. 


2 P 2 
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CHAPTER XII. 

General Resilts. 

Cross-fertilisation proved to bo beneficial, nncl self-fertilisation in- 
jurious — Allied species differ f^reatly in the mf ans by which cross- 
fertilisation is favoured and self-fertilisation avoided — The benefits 
and evils of the two processtis depend on the decree oi' dilferc3iitintion 
in the sexual elements — The evil tftects not dm* to the combination of 
morbid tendencies in the parent.^ — Nature f>f the? et»nditions to whieli 
plants are subjected when growinj^ near together in a state of nature 
or under culture, and th(* effects of such eonditions—Theorctical 
oonsrdemtions with respect to the interaction of ditferiidmled sexual 
plements — Practical lessons— Genesis of the two sexes — Close corre- 
spondence bctwe<in the effects of <'ross-fertilisati(m and self-fertilisa- 
tion, and of the legitimate and illegitimate unions of hebTOstyled 
plants, in comparison with hybrid unions. 

The first and most important of tlio coiiciusions which 
may be drawn from the observations given in this 
volume, is that cross-fijrtilisation is generally beneficial, 
and self-fertilisation injurious. This is shown by the 
diflere])ce in height, wi*ight, constitutional vigour, and 
fertility of the offspring from crossed and self-fertilised 
flowers, and in the number exf seeds prodnecid by the 
parent-plants. With respect fo the second of these two 
pro^iositions, namely, that self-hTtilisatioii is generally 
in Jiirions, we.l^ave abundant evidence. The structure 
of th(‘ fiow(*rs ill such plants as Lobelia ramosa^ DigitflUsi 
purpurea, &«,, rtmders the aid of insects almost indis- 
pensable for their fertilisation; and bearing in 'mind 
the prepotency of pollen^ from a distinct individual 
over that from the same individual, such plants will 
almost certainly have been crossed during many or 
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all pfevioiiii generations. 8o it must be, owing merely 
to tfio })repot(3ncy of foreign polfen, with cabbages 
and various other plants, the varieties of wTiich almost 
invariiiibly Intercross wfien grown together. The same 
injcu’enceimay be drawn still more surely with respect 
to tlioso plants, such as ^teseda aiicl Eschscholtzia, 
which are sterile with th(ur own ])ollen, but ffertile 
witb that from any other individual. These several 
plants must therefore have been crossed during a long 
series of previous gem^rations, and the artificial crosses 
in my experiments cannot have increased the vigour of 
the offspring beyond that of their progenitors. There- 
fore the difference between the self-fertilised and crossefl 
plants raised by me cannot be attributed to the supe- 
riority of the cross(^d, but to the inferiority of the 
self-fertilised seedlings, due to the injurious effect^ of 
self-fertilisation. 

With respcM't to the first 2 )roposition, namely, that 
cross-f(iu:tilisati()n is generally beiieficiftl, we likewise 
have excellent evidenne. Plants of Ipomgea were inter- 
crossed for nine succcss*iv(‘ generations^ they wore tBeij 
again intercross(5d, and at the same time crossed with a 
plant of a fresh stock, that is, one brought from another 
garden ; and the*ofl‘i^)ring of this latter cross were*to 
the intercrossed plants in height as 100 to 78, and in 
fertility as 100 to 51. ^in analogous experiment wdth 
Eschscholtzia gave a similar result, as far as fertility 
was concernect kn neither of these cases were aiiy of 
tfie plants the product, of self-fertilisatidn. Plants of 
Dianthus were self- fertilised for three generations, and 
this no doubt was injurious ; but wllen^these plants 
were* fertilised by a fresh stock and by intercrossed 
plants of the same stock, there was a great difference 
ill fertility between the two sets of seedlings, and some 
difference in their height. Petunia offers a iieBrly 
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parallel case. With various other plants, the wonderful 
eifects of a cross with a fresh stock may be seen in 
Table C. Several accounts have also been published* 
of the extraordinary growth of seedlings from p cross 
between two varieties of the same species, som(> of which 
are known never to fertilise themselves ; so that here 
neither self-fertilisation nor relationship even in a 
remote degree can have come into play. We may 
therefore conclude that the above two propositions are 
true, — that cross-fertilisation is genes;ally beneficial 
and self-fertilisation injurious to the oflspring. 

That certain plants, for instance, Viola tricolor^ 
Digitalis purpurea^ Sarothamnus scoparius, Cyclamen 
persicum, &c., which have been naturally cross-fertilised 
for many or all previous generations, should suffer to 
an extreme degree from a single act of self-fertilisation 
is a most surprising fact. Nothing of tlie kind has 
been observed in our domestic animals ; but then we 
must remember that the closest possible int(u*breeding 
with such animals, that is, between brothers and sisters, 
cannot be considered as nearly So close a union as that 
between the pollen and ovules of the Siimo flower. 
Whether the evil from self-fertilisation goes on in- 
creasing during successive generatiems is not as yet 
knowTv ; but we may infer from my experiments that 
the increase if any is far from rApid. After plants have 
bc?on propagated by self-fertilisation for several genera- 
tion^s, a single cross with a fresh stock, restores their 
pristine vigow: ; and we have a strictly analogous 
result with our domestic animals, t The good effects 
of cross-fertiiisation are transmitted by plants to the 
next generation ; and judging from the varieties of 

♦ See ‘Variation under Do- f ibid. ch. xix. 2nd edit. vol. 
mestication/ ch. xix. 2nd edit, vol, ii. p. 15U. 
ii. p. 159, 
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the pommo» pea, to many succeeding generations. But 
this may merely be that ijrossed plants of the first 
generation are extremely vigorous^ and transmit their 
vigour^ like* any other character, to tlieir successors. 

JJj^otwithstandmg the evil which many plants suffer 
from self-fertilisation, they can be tfius propagated 
under favourable conditions for many generations, as 
sho\vti b/some of my experiments, and more especially 
by the survival during at least half a century of the 
same varieties o^the common pea and sweet-pea. The 
same conclusion probably holds good with several other 
exotic plants, which are never or most rarely cross- 
fertilised in this country. But. all these plants, as fai* 
as they have been tried, profit greatly by a crc^s with 
ii fresh stock. Some few plants, for instance, Ophrya 
apifera, have almost certainly been pro 2 )agated ii^ a 
state of nature for thousands of generations without 
having been once intercrossed; and whether they would 
profit by a cross with a fresh stock is nol^ known. Brtt 
such cases ought not to make us doubt thaj as a general 
rule crossing is beneficial .any more than the existenbe^ 
of ])lants which, in a state of nature, are propagated 
exclusively by rhizomes, stplons, (Src.* (their floAvers 
never producing •seejls), shoulcf make us doubt thfit 
s(3minal generation must have some great advantage, 
a^ it is the common plan 'followed by nature. Whether 
any species has been reproduced asexually from a very 
remote period cannot, of course, be ascertained, Qur 
sofe means for forming* any juflgment oA this head is 
the* duration of the varieties of our fruit trees which 
have been long propagated by grafts or*bufls.V Andrew 
Knight formerly maintained that under these circum- 
stances they always become weakly, but this conclusion 


* I have given seveml cases in tion,’ ch. xviii. 2i)d edit. vol. it 
my ^ Variation under Domestica- p. 152, * 
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has been warmly disputed by others. A« recent and 
competent judge, Prof. Asa Gray,* leans to the sid(? 
of Andrew Knight, which seems to me, from such 
evidoiKHi as 1 have been able to collect, the moni 
probable view, notwithstanding many ()pp{)sod factsr 
Tlie means for favouring cross-fertilisation and pre- 
ventihg self-fertilisation, or conversely for favouring 
self-fertilisation and preventing to a certaili (^Xtent 
cross-fertilisiition, are wonderfully diversified; and it 
is rcmiarkable that these differ widely 'in closely allied 
plants,! — in the species of the Siinu^ genus, and some- 
times in the individuals of the sanu‘ species. It is 
hot rare to find hern^iphrodite plants and others 
with sojvarated sexes within the same genus ; and it is 
common to find some of the sjK‘cios di(?hogarnous and 
others maturing their sexual elements siniultan(*ously. 
The dichogamous genus Saxifraga contains proter- 
aiidrous and proterogynous species, t Several genera 
iiiclude both <heterostylod (dimori)hic or triniorphitr 
forms) and ^ homostyled s[Mteic^s. Ophrys oflers a 
rCinarkable instance of one sj>e<^ies having its structure 
manifestly adapted for self-fertilisiition, ami other 
species as manifestly ada,i>t(Ml for cross-fertilisation. 
S()lnc con-generic species are quite sterile and others 
(piito fertile with their own pollen. From these several 
causes wo often find within the same genus s[)eci^s 
which do not produce seeds, while others j produce an 
abu?;idance, w hen insects are excluded. . Some sj>ec\es 
bear cleistogtae flowers whic^h cannot be crossed, as 
well as perfect flowers, whilst others in the same geiLUs 

* ‘ Darwinittiia : EHirsays and tilisation of the Oraminemi ‘Mo- 
Revievv 8 pertaining to Darwinisai/ initBheriolC, K. Aknd. Berlin/ Oct. 
1876, p. 338. • 1872. p. 763. 

^ Hildebrand has insisted 1 Dr. Englcr, ‘ Bot. Zeitung/ 
•tropgly to tkis effect in his 1868, p. 833. 

valuable observatious on the fer- 
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iie,ver produco cleistogcne flowers. Some species exist 
uncfer two forms, the one Rearing ^conspicuous flowers 
adapted fl)r cross-fertilisation^ the other* bearing in- 
conspi(;uous flowers adapted for self-fertilistion, whilst 
other s}^‘-cies in the same genus present only a single 
form. Even with the individuals of *the same species, 
the degree of self-sterility varies greatly, as in Kesoda. 
VVftih polygamous plants, the distribution of the sexes 
difters in the individuals of the same species. The rela- 
tive period at«which the sexual elements in the same 
flower are mature, differs in the varieties of Pelar- 
gonium ; and Carriere gives several cases,* showing 
that tlie i^eriod varies according to the temperature 4o 
which the plants are exposed. 

This extraordinary diversity in the means for 
favouring or preventing cross- and self-fertilisation in 
closely allied forms, probably depends on the results 
of both ])rociisses being highly beneficial to the species, 
but dtrectly opposed in many ivays to ionc another tind 
deptmdent on variable conditions. Self-fertilisation 
assures the pioduc;tioft of a large supply of seeds ;*and 
the necessity or advantage of tliis will be determined 
by the average length of l^e of .the plant, which largely 
depends on t|^o*anyjunt of destruction suffered b 5 »the 
seeds and seedlings. This destruction folloys from 
the most various and variable causes, such as the* 
presence of animals of several kinds, and the growth 
^f surrounding plants. The possibility of cross-ijprtili- 
sation depends mainly on the presence and number 
«f certain insects, often of insects belonging to special 
groups, and on the degree to which the^ ate attracted 
to tlie flowers of any j)articular species in preference to 
otlier flowers,— all circumstances likely to change. 


* ‘ Dos ’N urieteg,’ 18G5, p, 30. 
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Moreover, the advantages which follow from cross- 
fertilisation differ much in different plants, so that it 
is ])robable lhat allied plants would often profit in 
different degrees by cross-fertilisation. Under these 
• extremely complex and fluctuating conditions, wi^Ji 
two somewhat opposed ends to be gained, namely, the 
safe prvjpagation of the species and the ])roduction of 
cross-fertilised, vigorous offspring, it is not surprising 
that allied forms should exhibit an extreme diversity 
in the means which favour either end. Jf, as there is 
reason to suspect, self-fertilisation is in some respects 
beneficial, although more than counterbalanced by the 
advantages derived from a cross with a fresh stock, the 
problem becomes still more complicated. 

As I only twice experimented on more than a single 
species in a genus, I cannot say whether the crossed 
offspring of the several species within the same genus 
difffer in their degree of superiority over their self- 
fertilised brethren ; but I should expect thafr this 
would often prove to be the case from what w^as 
obsel'ved with the two species of 'Lobelia and with the 
individuals of the same spocicis of Nicotiana. The 
species belonging to disitinct genera intliesame family 
certainly differ in this respect. The effects of cross- 
and seljf-fertilisation may be confined either to the 
growth or to the fertility of the dffspring, but generally • 
extends to both qualities. There does not seem to 
exist jj,ny close correspondence between the degree tcj. 
which the flowers of species a;*e adapted for cross- 
fertilisation, and the degree to which their offspring 
profit by this ‘process ; but we may easily err on this 
head, as there are two means for ensuring cross-fetti- 
lisation which are not exteiyially perd'eptible, namely, 
self-sterility and the prepotent fertilising influence of 
pollen from another individual. Lastly, it has been 
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showli in ab fonner chapter that the effect produced by 
cros^ and self-fertilisation oji the fei^ility of the parent- 
plants does hot always correspond with that produced 
on the height, vigour, and fertility of their offspring. 
T^je same remark applies to crossed and self-fertilised 
seedlings when these are iise'd as the pai?hnt-j)lants. This 
want of correspondence probably depends, at least in 
parfr, oif the number of seeds produced being chiefly 
determined by the number of the pollcii-tiibes which 
reach the ovults, and this will be governed by the re- 
action between the pollen and tlie stiginatic secretion 
or tissues; whereas the growth and constitutional vigour 
of the oflspring will be chiefly determined, not only \yy 
the number of pollen-tubes reaching the ovulo§, but by 
the nature of the reaction between the contents of the* 
pollen-grains and ovules. 

There are two other important conclusions which 
may bo deduced from my observations : £ rstly, that the 
advantages of cross-fertilisation do not^ follow from 
some mysterious virtue in the mere union of two 
distinct individuals, but from such individuals having 
been subjected during prcvioi\^ generations to dif- 
ferent conditions^ or 'to their hating vari(^d in a manner 
commonly callc<l spontaneous, so that in eithgr case 
their sexual elements hftve been in some degree differ- 
entiated. And secondly, that the injury from self- 
fertilisation fallows from the want of such differe^^tia- 
tion in the sexual elements. These tw) propositions 
ai^ fully established by my experiments. Thus, when 
plants of the Ipomma and of the Mirrmlife, Vhieh had 
beeif self-fertilised for the seven previous generations 
and had been ke^t all the time under the same condi- 
tions, were intercrossed one with another, the offspring 
did not profit in the least by the cross. Mimhlus 
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oflers another instructive case, showingr that the 
benefit of a cross depends ^on the previous treatment 
of tlie progenitors : plants which had been self-fer- 
tilised for the eight previous generations wm-o crossed 
with plants which had been intercrossed for the sa^le 
number of generations, all having been kept under 
the same conditions as far as possible ; seedlings from 
this cross were grown in competition witlr others 
derived from the same self-fertilised mother-plant 
crossed by a fresh stock ; and the lattei seedlings were 
to the former in height as 100 to 52, and in fertility 
as 100 to 4. An exactly paralhd experiment was 
tried on IJianthus, with tliis difierence, that the plants 
had been self-fertilised only for the three previous gene- 
rations, and the result was similar though not so strongly 
marked. The foregoing two cases of the oflspring of 
Ipomoea and Eschscholtzia, derived from a cross with a 
fresh stock, being as much superior to the intercrossed 
plants of the okl stock, as these latter were to the self- 
fertilised offs|^ring, strongly supports the same conclu- 
sion. A cross with a fresh stock ■or with another variety 
seems to be always highly bemjficial, whether or 
not the mother-plants ,have^ been intercrossed or self- 
fertilised for several previous generations. The fact 
that a cross between two flowers on the same plant 
does no good or very little go6d, is likewise a strong 
corroboration of our conclusion ; for the sexual 
elei^ents in the flowers on the same* plant can rarely 
have been differentiated, though this is possible, as 
flower-buds are in one sense distinct individuals, 
sometimes' varying and differing from one another in 
structure or constitution. Thus the proposition "that 
the benefit from cross-fertilisation' depends on the 
plants which are crossed having been subjected during 
previous generations to somewhat different conditions, 
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or tcf tlieii* having varied from some unknown cause as 
if they had’ been thus Subjected, is Securely fortified on 
all sides. 

Before proceeding any further, the view which has 
b^en maintained by several physi(Mogists must be 
noticed, namely, that all the evils from breeding 
amyial^ too closely, and no doubt, as they would say, 
from the self-fertilisation of plants, is the result of the 
increases of somp morbid tendency or weakness of consti- 
tution common to tlie closely related parents, or to 
the two sexes of hermaphrodite plants. Undoubtedly 
injury has often thus resulted ; but it is a vaki 
attempt to extend this view to the numerous cases 
given in my Tables. It should be remembered^ that the’ 
samc^ mother-plant was both self-fertilised and crossed, 
so that if she had been unhealthy she would have 
transmitted half her morbid tendencies to her crossed 
•olfspriiig. But plants appearing pei;fectly healthy, 
some of them growing wild, or the immediate ofl*spring 
of wild ])lants, or vigorous common garden-plants, were 
selc(itod for experiment. Considering the number of 
speci(^s which were tried, it is nothing less than absurd 
to sii])pose that, in all these oases the mother-pla^its, 
though not a]f|)earing in any way diseased, were weak 
i>r unhealthy in so peoiliar a manner that their self- 
fertilised seedlings, many hundreds in number, were 
rendered inferior in height, weight, constitutkmal 
^gour, and fertility tg their crossed offepring. More- 
over, this belief cannot be extended to the strongly 
marked advantages which invariably •foliow, as far as 
my experience serves, from intercrossing the indivi- 
duals of the sai»e variety^or of distinct varieties, if 
these have been subjected during some generations to 
different conditions. 



44p GENEp'aL RESULT^J. Chap. XII. 

It is obvious that the exposure of two sets of jjiants 
during several generations to different conditions can 
lead to no beneficial results, as far as crossing is con- 
cerned, unless their sexual elements arc thus affected. 
That every organism is acted on to a certain o;s:tent by 
a change in its' environment, will not, I presiuiie, be 
disputed. It is hardly necessary to advance evidence 
on this head ; we can perceive the difference between 
individual plants of the same species whicli have 
grown in somewhat more shady or sunny, dry or damp 
places. Plants which have been propagated for some 
generations under dillerent climates or at different 
seasons of tlio year transmit different constitutions to 
their seedlings. Under such circumstances, the che- 
mical constitution of their fluids and the nature of 
their tissues are often modified.* Many other such 
facts could be adduced. In short, every alteration in 
the function of a part is probably connected with some 
corresponding, tJ^ough often quite imperceptible change 
in structure or composition. 

Whatever affects an organism in any way, likewise 
tends to act on ita sexual elements. We see this in the 
inheritance of newly acquired modifications, such as 
those from the increased use or disuse of a part, and 
even from mutilations if followed by disease. t We 
have abundant evidence how susceptible the repro- 
ductive system is to changed conditions, in the many 
instances of animals rendered sterile by confinement ; 
so that they lyill not unite, or,, if they unite do not 

* Numeron^onses together with the different organs of animals 
references ai-c given ih my * Vari- are excited into different degrees 
atioa under Comosticetion,’ ch. ofactivity by differences of tempe- 
xxiii. 2nd edit. vol. ii. p. 261. ratuye and food, and become to a 
With respect to animals, Mr. ^ certain extent adaptod to them. 
Brackenridge has well shown f * Variation under Domestioa- 
(* A Contribution to the Theory of tion/ oh. xii. 2nd edit. vol. i. 
Diatttesis/ Edinburgh, 1869) that p. i66. 
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produce oflspriuf^, though the conlineihent may bo far 
froru» close; and of plants ^ rendcrM sterile by culti- 
vation. But hardly any cases afford mftro striking 
evidence liow powerfully a changh in the conditions of 
life acta, on the sexual elemdhts, than those already 
given, of plants wliich afe coinplctdy self-sterile in 
one country, and when brought to another, yields even 
in* tJie first generation, a fair supply of self-fertilised 
seeds. 

But it may bp said, granting that changed conditions 
act on the sexual elements, how can two or more 
plants growing close together, cither in their native 
country or in a garden, bo differently acted on, inasmuch 
as they appear to be exposed to exactly the same 
conditions ? Although this question has been already 
considered, it deserves further considc^ration under 
several })oints of view. In my (,‘X 2 )eriments with 
Digitalis purpurea^ some flowers on a wild plant were 
self-fertilised, and others were crosscjtl with i)ollen 
from another plant fjrowing within two or three feet’s 
distance. The crossed. and self-fertilised plants raised 
from the sc(?ds thus obtained, ])rodu<ied flower-stemS 
in number as 100 to 47, and in average height as 100 
to 70. Therefore the crosS botween these two plants 
was highly bAietici?il ; but how could their sexual 
fcdements have been differentiated by expos&re to 
different conditions? if the progenitors of the two 
plants had lived^on the same spot during the^last 
sftore of generations, aqd had never beejji crossed with 
ai^ plant beyond the distance of a few feet, in all 
probability their offspring would have^besn jreducedto 
the same state as some of the plants in my experiments, 
— such as the intercrossed plants of the ninth genera- 
tion of Ipomoea, — or the self-fertilised plants of the 
eighth generation of Mimulus, — or the offspring from 
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flowers on the ^ame plant, — ainl in this case a sross 
between the two plants of Digitalis would liavo dune 
no good. But seeds are 4)fu*n wdthdy (lisporsed by 
natural means, and one of the above two plants or 
one of their ancestors may have come fiitm a ilistunec, 
from a more shady or sunny, dry or moist place, or from 
a different kind of soil containing otlier organic; or 
inorganic matter. We know from the acUniriilde 
researches of ]\ressrs. LawciS anid fHlbert'^ that dillerent 
plants require and consume vcTy ditVerv'nt amounts of 
inorganic matter. But the amount in tlie seal would 
probably not make so grc'at a dillertmcM* to the s(»veral 
iudividuals of any particular species as miglit at first 
be expe<;ted ; for the surrounding si»ecies with 
different requirements would tend, from existing in 
greater or lesser nuinb(*rs, to keep (»ach speeies in a 
sort of equilibrium, w ith nvspect to what it could obtain 
from the soil. 8o it would be ev<m with n'sp<‘ct to 
moisture during dry seiison-s; and how powerfuMs tin 
influence of a little more or livss moisture in tln‘ soil 
on ‘the presence and distribution of plants, is often 
w'cll shown in 'old pasture fields which still retain 
traces of former ridge^s and furrows, Nevertludess, as 
thd proimrtional numlKi”8o»f the snrroynding plants in 
two neighbouring places Ls randy exactly the saim*. the 
individuals of the Siime s|K;cies will he snbje(*t(Mi to 
somewhat diflereiit conditions witli respect to what they 
can^ibsorb from the soil. It is surprising Imw the fre«» 
growth of set of plants aileets others growir^ 
mingled with them ; 1 allowed the plants on ratlier 
more than a i,quare yard of turf w hich had Imhui closely 
mown for several years, to grow' np; and nine sp 4 >ci(‘s 


♦ •jfmm&l of the Royal Agricultural Soc. of Euglaml/ vol. xxiv. 
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out*bt twgsnty were tlius exterminated; but whether 
tins* was altogether due tg the kinds which grew up 
robbing the ‘others of nutriment, I do not know. 

Se^ds (tfton lie dormant for several years in the 
ground, ^ind germinate wlien Ijrouglit near the surface 
by any means, as by burrowing animals. They would 
probably bo afteeded by the m(?re eireiimstance of having 
lohg Liin dormant; for gardeners believe that the 
])rodiiotion of doul>]o flowers and (jf fruit is thus in- 
fliu*need. Heeds, moreover, which W'ere matured during 
diflorent seasons, will have been subjected during the 
whob' course of their development to diflorent degrees 
of heat and moisture. 

It was shown in tlie last chapter that pollen^is often 
carried by ins(vts to a considerable distance from 
plant to jilant. Tln*refore one of the parentf^ or 
am*estors of our two plants of Digitalis may have been 
crossi*(l by a distant plant growing under somewhat 
*dirten*ut eonditions. Plants thus entised often pVo- 
<luc<‘ an unusually lafgc nninber of sf*('(^s; a striking 
iustauee of this lai^t ij^ atfordiHl by the Pignonia, firo- 
viously mentioned, which was fertilisecT by Fritz 3luller 
witli ]M»lleu from some adjtnuiiig })laiits and sot hardly 
any se(‘il, but when* fertilised #ith pollen from a dis- 
tant plant, was highly fertile. Heedlings from^a cross 
f>r this kind grow' wdth great vigour, and transmit their 
vigour to their descomrants.^ These, therefore, in the 
struggle for yfe,.will g<merally beat and extermWiate 
tTie s('edliugs from plants which have l(itig giwn near 
t(^ether under the same conditions, and will thus tend 
to spread. 

AVhen two varieties which present well-marked 
difl’ertmeos are ctossed, tlngr descendants in the later 
generations differ greatly from one another in ex- 
ternal characters ; and this is due to the augmentall^^ion 
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or obliteration of some of tlu*se eharaetc/s, ami to 
tlie roappearanei* of forim‘/ imes throu^rh r(‘versi(iii : 
and no it will be, as we nmy leel almost snr<*, with any 
sliii:ht difl'ereuees in th<? ccmstilutioii of thVir spxual 
elenients. Anylunv, my experiments "indieait* that 
<*rossiiig jdaiits which hav(' be(‘U long subjeettHl to 
almost though not cpiite tli(‘ sam(‘ e<»nditions, i.s tin* 
most powerful of all the means for retaining 
degret' (>f diflerentiation in the s(‘xnal elements, as 
shown l)y the su]K‘riority in the latcT gf^keration.s of th(‘ 
intercrossed over tht‘ s(‘lf-fertiiised sei?dlings. Never- 
theless, the emitinued intercrossing of ]»lants thus 
tl^.-ated do(\s t<‘nd to obliterate sur*h differentiation, as 
inay bt‘ inferred fnuu the lesstuied ben(‘ht derivt^l from 
intmvrossing sm*h plants, in comparison witli tliat from 
a ero.ss with a fresh slock. It seems [)robabh‘, as 1 may 
tliat seeds have aiMpiired their endless curious 
adaptations for wide dissemination,^ not only that tlie 
seedlings shoulf! thus be enable*! to lind miwand fitting 
hom(‘S, but tlyit the imlividuals which have b<‘en h»ng 
subj(‘cte<l to the same conditions slauilil occasionally 
inti i’cross with a fri'sh sto<*k. 

Fr(un the fon'going several considerations wo may, 

1 think, c,onclud<* that iir the above case-of tlie Digitalis, 
ami even in that of jdants which have* grown for 
thousands *)f g*.*nerations in thb same elistriet, us must 
often luivej occurred with speeties having a much 
n‘stcV‘te(l range, avc an* apt to over^-e*stimat(* the 
degree to whitdi the individual have h(‘en subjected 
to absolutely iho^ Sana? (*onditifms. Tlure is at least 
no difVumllfy Mn bedieving that such jilan s have been 
subjected to sufficiently distinct conditions to differ- 
entiate their sexual elomeiitH; for we know' that a plant 

* fjeo Prof Hildubrnnd^rf excuJ. at treatise, ‘ Verbicitim„'«}n)itU I dor 
rflaiiBen/ 1873. 
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for some i^oiieratiuns in another garden in 
th(f siiirni district serves ag a fresh stock and has high 
fertilising ‘powers. Th(j curious cases of* plants which 
can /crtitise and be fertilised by any other individual 
<^f the sumo s])ecies, but an; altogether sterile with their* 
own polh.'U, become interiigible, if Fhe view here pro- 
jxmnded is <H)rrect, namely, that the individuals of the 
sTiwie jf()e(;ies growing in a state of natiirt; near together, 
have not really been subjected during several previous 
g<*iu‘rations t(*(|uite the same conditions. 

Some naturalists assume that there is an innate 
tendency in all b(‘ings to vary and to advanct^ in 
organisation, iudependtmtly of (‘Xt(‘rnal agencies ; aiul 
tliey would, I j»n‘sume, thus e\])lain tl^e slight 
didereiu'es >Nhich distinguish all the individuals of the 
.same sjiecies botli in external charaettTS and in.con- 
slilution, as wrll 41s the grt‘ater ilitferences in botli 
respects bi'twiu u nearly allied varieties. No two - 
’individuals can lx* found quite alike; #hns if >ve soV a 
number of seeds froiu the same capsule ijnder as nearly 
as possibh; tin; saim* conditions, they germinate at 
different rates and grow more or less vigorously. They 
r<*sist cold and other iinfavoprabbi conditions differently. 
Idiey would in •jill j)rol»abiliif, as we know to be®the 
eas(‘ witli animals of the same species, be sojnewhat 
uliffi'reiitly acted on bvThe same poison, or by the same 
di.sc*as(*. They liave different powers* of transmitting 
their eharaet<ys t4» their offsju-ing ; and many anah^gous 
/Juds could be giveiit Now, if it wlu'e true that 
piiints growing near togetln'r in a stjjite of nature liad 
beim sul)ject(Hl during many provioiiTs ^ntjrations to 
absdlutely th(‘.saiTntc()mlitions,such differences as tliose 
just sp(?cifie<l w’(ftild lx; quite, inexjdicablo ; but they 

* Vilmiiriii, as quoted by Vcrlot, ‘ Dos Vimc'tes,’ pp. 3‘i, 38, 

2 o 2 
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are to a (*ertaiii extent intelligible" in aeeonl^nee A\ith 
the Yie^vs just a(lvane("(l. 

As most of the plants on wliieh 1 experimented 
wen» grown in my garden or in pots un(h*r glass, few 
words must be added on the conditions to which tlu'V 
were ex])osi‘d, as well as on fho elleets of cultivation. 
When a sjx^eies is lirst brought under culture, it may 
or may not be subjected to a (diange of climate^ but it 
is always grown in ground broken up. and more or less 
manured ; it is also saved from comp(‘titinn with other 
j»lauts. The paramount ini])ortan(M‘ (»f this latter 
cir(?umstanee is proved by the multitvule of s])ecies 
which nourish and multiply in a gardtai, Imt caintot 
exist unless they are protc‘ct(‘d from other }>Iants. 
When thus saved from comjietitiou they are al>le to 
get whatever they recjuin* fnan lh(‘ soil, probably 
often in excess; and they are thus subjected to a great 
change of (?onditions. It is j>rubail)ly in chief [>art 
owing to this pause tlnit all j>lants with rare vxcej)- 
tions vary after being cultivatinl for some g(*nerjitions. 
The individuals which have ailveady Ix^gun to vary 
will intercr(»ss oil(? with another by the aid of insects ; 
and this accounts for the extreme (liv(‘r.sity of charactiT 
whi *h many of our long cultivaUM] ^])lants exhibit, 
liiit it should <>b.served that the iVsult will be 
largely dettu’inined by the degree of their variability' 
and by the freMpiency of the int< rciosses ; for if a jdant 
varices vt*ry little, lik(* most sp(M?i<'S in,a spite of nature, 
frequent intc;’i;ros.ses tend tot givi^ uniformity of 
character to it. 

1 have avteiiijned to show that with jdants growing 
naturally in the same district, excejd in th(i unifsual 
case of each individual bejng surrounded by exactly 
the same proiK.)rtional nuniljcrs of other sjM"cies having 
certain powers of absorption, each will be subjected to 
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s^Jglitly tliflcTOiit couflitions. This does not apply to 

tlic in<livi(luuls of the same species whon^ cultivated in 
cleansl ground in the same jrardoTi. But if their 
flowers are visited by insects^ they will intercross; and 
this will ;^ivc to their^ sexual elements during a* 
coiisid(»rable nurnl)er of generations a sufficient amount 
of dillerentiation for a cross to be beneficial.* More- 
o^It, l?(M^ds an^ frequently exchanged or procured from 
otlier gardens having a different kind of soil ; and the 
individuals of the same cultivated species will thus be 
subjecttjd to a change of conditions. If the flowers are 
not visited by our native insects, or very rarely so, 
as in tile (‘ase of the common and sweet pea, iind 
apparently in that of the tobacco when tept in 
hothouse.*, any diflerentiation in the sexual elements 
causeul by interenKsses will tend to disai:)poar. .This 
appears to havtJi occurred with the plants just 
nientionod, for they were not benefited by being 
crosscnl OIK* with another, though th%y were greatly 
benefited by a cross •w ith a fri'sh stock. • 

I have lu'cn led tT) the views jiyst advanced with 
respect to the (pauses of the differentiation of the sexual 
ehuueuts and of the variainlity of our garden plants, 
by tile result^ my variou^ experiments, and fliore 
espiaially by tlui four cases in which extremelj^ incon-^ 
*stant sp('ci(.*s, after having been self-fertilised and 
grown under closely similar conditions for several 
geiKTations, pnxhiced flowers of a uniform and coifstant 
tint. These coiiditioils were nearly th^* same as those 
t# which plants, growing in a gardeii clear of weeds-, 
are subjected, if they are propagated by* sAf-fertilised 
seotfs on the same spot. The plants in pots were, 
however, exjiosetl to less sewere fluctuations of climate 
than thos(j out of doors ; but their conditions, though 
closely uniform for all the individuals of the same 
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{generation, diffiTod somewhat in the succH'ss.ive pi^e- 
rations. Now, under these <‘ireiimstanees, the s(‘xnal 
elements of the plants whi<‘h wt^re intercrossed in (‘ach 
peneratioii retained snflich^it dittcrentiation durinp 
'•several years for their ofVsprinp to ho snj)orior to 
the self-fertilised, hnt this superiority pradually and 
manifestly decreased, as was shown hy tlu' dillenajci* 
in the result hetween a cross with one of the»intcr- 
crosse<l plants and with a fresh stock. These* inte*!*- 
crossed ]»lants tended also in a few ca^.es to hiM'ome 
somewhat more uniform in some of th(‘ir ext(*rnal cha- 
raoters than they were at first. With respect to the 
plants which wort* s(*li‘-fertilis(Ml in eacli p(‘n(‘ration, 
their sexyal elenu'uts api>ar(‘ntly lost, aft(*r some y<jars. 
all difierentiatiou, for a cross h(‘tw(*(‘n them did no 
pood than a cross lM*tw<*en tin* tlow.(*rs on tin* 
same plant. But it is a still more rt.markahle fact, that 
although the se(*<llinps of Mimnlus, l]»omo*a, Dianthus. 
and r(*tiinia whkh were* first raised, varied (*x<*i*ssiv(*ly in 
the colour of their fl<»wcrs, their iiflspriup, aft(*r heinp 
self-fertilis<*d and grown und(*r tiniform (conditions for 
some generations, bore flowers almost as uniform in 
tint as those on a naUiral sp(H*ies. Jn one case also 
the •plants thomscclves Itecame reniarkably uniform in 
height. 

The conclusion that the advantages of a cross' 
depend altogether on the difl(*rcntiation of tin? sexual 
elements, harmonises perfectly with fact that an 
occasional and alight change in the (amditions of life 
is beneficial to all plants and animals.* ]iut the 
offspring from a cross between organisms which have 
been exposed to different conditions, profit in an in- 
comparably higluT degree than do yoiihg or old beings 

• X have ffiven sufficient evi- alion undt-r Poinc8ti< fltii)n,* ch. 
(lence on tliis heud in my * Yuri-' xviii. vul. ii. 2nd edit. p. 127. 
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froift u ijjero in their conditions. In this 

latter case w(^ never sec; anything like the oflect 
wliielj giiiierally follows from a cross Vith another 
in(li>ydnat, esj)ecially*from a cross \ritli a fresli stock, 
'rhis might, perhajis, liave *beeii expected, for the < 
Mending together of tin? *sexual elements of two dif- 
ferentiat(M] heings will affect the whole constitution at 
a*w*rv»early period of life, whilst the organisation is 
highly th*xihle. \V(i have, moreover, reasf»n to believr* 
that changed •(umditions generally act differently on 
the s(*vtM'al parts or organs of the same individual;* 
and if we may further believe that these now slightly 
diffenuitiated jiarts reaet on one another, the harmony 
between th(‘ bmelieial (dlects on the individual due to 
changed conditions, iind those due to the interaction oT 
differentiated sexual elements, becomes still closer. 

'riiat wondt‘rfullV ac(Mirat(* observer, Sprengel, who 
*lirst showed how important a jiart iristcts play in Ihe 
fiTtilisation of flowers, called his book ‘The Secret 
of Nature Displayed*;’ yet he only occasionally "saw 
that the ohjeet for which so many curious and beautiful 
adaj>ta.tions havi? b(*eii ac(|iiire(^ was the cross-fertilisa- 
tion of distinct# plants ; and lie knew nothing of# the 
Ixnieflts whi(*ti the olVspring thus receive in growth, 
• vigour, and fertility.* But the veil of^ocrecyis as' 
vtd. far from lifted ; nor will it bo, until we can say 
wliy it is bt‘jieluiial that tht» sexual elements sj^onld 
T)e differentiated to a certain extent, #ind why, if tlie 
(l^fl*erentiation be carried still further, injury follow!^. 
It is an extraordinary fact that with %n<fay species, 
floifers fertilised with their own pollen are either 
absolutely or iirtomo deg^pe sterile; if fertilised with 

♦ See, for instancei Bruckenridge, ‘Theory of Diathesis,’ Bdinburgb, 

m'J. 
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pollen from another flower on the same jilaqt, the) are 
sometimes, though rarely,, a little more fertile ; if 
fertilised witii pollen from another individual or variety 
of the same s}»ec*ies, th(*y are fully fertih* ; l|;ut if 
with jx>lleii from a distinct speei(*s, they ar-f* sterile 
ill all possible degrees, until utter sterility is reacluKl. 
We tl:us have a long series with absolutt^ sterility at 
the two (‘luls; — at one eml due to the sexual oK nuiits 
not having been suflieic*ntly diflVuvntiated, and at tin* 
other end to their having l>een dilferentiated in too 
great a degree, or in scuiie peculiar manner. 

The fertilisation of one of the liigher plants dejK uds, 
ir the lirst jdace, on the mutual action of thi^ ]>ollen- 
grains and tlie stigmatic! secr(*tion or tissues, and after- 
^vurds oil th(* mutual action of the coutenis of tin* 
pollen-grains and ovules. Both actions, judging fnuu 
the increased i'ertility of the parent-|’>hints and from tin* 
increased }K)w<*rs of growth in theofl’spring, an* favoured 
by some degree of dilVerentiation in the ehuuents 
which interact and unite so us tp form a new^b(dng. 
Ileie we have* some analogy with chemical aflinity or 
attraction, wliielrcomes into jday only between atoms 
or molecules of a diftprent nature. As Trof. Jliller 
remarks: ** (jeiierally speaking, the greater tin? dil- 
ference in the pr<»pertics of twolH)di(*s, the more int<*nsit 
is their tendency to mutual eheriiieal uetion. , . . Hut' 
lietween bodies of a similar character the teinleucy to 
unite is feeble.”* 'fliis latter jiroposUioh accords well 
witli tin? feebh;,oflects of a jdaiil’s own pollen on the 
fertility of the m ather-plant and on the growth of tl^? 
offspring; mik the former proposition accord,^ well with 
the powerful inflmmee in lM)th ways of pollen tronf an 

♦ ‘FilcmentB of ClifiiiiihtrjV 4th viowH w4tli respect to chemical 
edit. 1867, part i. p. 11. Dr. ittfinity arc gciientlly accepted hy 
FrankiandiufoiinsmcthutMiniilar • chcmi&ts. 
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in(lfVu(luHl,\vliicli lias been differentia’ted by exposure 
to *ffluingo(l conditions, o\ by so-called spontaneous 
variation, liut tlie analogy fails when w5 turn to the 
ncfja^ive dr weak elb^cts of pollen frohi one species on 
a^listinot species ; for althou^^li some substances which 
are extremely dissimilar,* for instafice, carbon and 
chlorine, liave a v(Ty feeble affinity for each •other, 
ydt«it #ann(»t be said that the weakness of the affinity 
depijnds in such cases on the extent to which the 
substances (litter. It is not known why a certain 
amount of differentiation is necessary or favourable 
for thi? chemical affinity or union of two substances, 
any nu>n^ than for the fertilisation or union of two 
orj«:anisms. 

O • 

31 r. H(‘rbert Sj)enc(‘r has discussed this whole subject* 
at gr^^at lenii^th, and aftt^r statini^ that all the forces 
throughout natun| tend towards an equilibrium, 
remarks, “ that tlui ne(?d of this union of sperm- 
cell ai¥l ^enii-c(dl is the m^ajd for overthrowing this 
(Hjuilibriuui and re;-establishing active molecular 
change in th<^ detaoluMl germ — a result which* is 
pr(»bably effect(*d by mixing the flight ly-different 
physiological units of .slightly-(]ifferent individuals.”* 
J>ut we must not allow this higiily generalised vie^Vl or 
the analogy oT cluuamal affinity, to conceal from us 
♦)ur ignorance. A\ e do liot know what is the nature or 
degree (»f the differentiation in the sexual elements 
which is favoiyable for union, and what is injurioi^# for 
union, as in the case (df distinct specie^ We cannot 


* ‘ Principles of ni()lo<;y/ changes in tne conr.iiions nnci 
p. 27l, 1804. In my ‘Origin of fivim crossing widely (listinct forms 

Species,* published j^i 1859, I (i.o., spetjios), as a series of facts 

spoki! of the gcKxl effects from • “ connected together hy soin(‘ 
slight changes in the condftion (»f common but unknown bond, 

life and from cross-fertilisation, which is essentially ixilatejji to 

and of the evil effects from great the principle of life.** 
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say why the individuals of certain species prijiit ^reutly, 
and others very little by Indng crossed. 'J'liere are some 
few sj)ecies whicli have been seltVfertilised for a vast 
number of ^generations, and yet are vip:orous enough 
to compete successfully with a liost of surroimding 
plants. Highly' self-fertile varieties soimdim(‘s arise 
among plants which have been self-fertilis(Ml and 
grown under uniform conditions during st^veniJ gmte- 
rations. We can form no conception why tin? 
advantage from a <toss is sometimes dir«*cted e.xclu- 
sively to the vegetativ<‘ system, and sometimes to the 
reproductive systtun, but commonly to both. It is 
equally inconc(‘ivabh‘ why some individuals of tin* smiuc 
species should be sterile, whilst others are fully fertile 
‘with their own jadhui ; why a (diange of (dimate should 
either lessen (»r increase? the sterility of self-sterih‘ 
sj)ecies; and why the individuals of^jionn^ sp(M*i(‘s should 
be even more fertile with ])olhm from a distinct sp(.*cie.s 
than with theiK'Own polhui. And so it is with many 
other facts, which an? so ohs(‘uro that we stand 
in awe before^ the mystery of lite. 

* c 

Un<l<*r a practical point of vi«'w, agriculturists and 
hopli^^ulturists may h‘aMi .something from th(3 c(mclu- 
sions at which we have* arriv(Ml. Firstly, wo s(Mi that 
the injury from the (tlose biveding of animals and 
from the self-fertilisation of jdants, does not n(‘(*(‘ssarily 
dej)(;*nd on any tend(;ncy to disease oj: weakness of con- 
stitution comynon to the related parents, and only 
^indirectly on their rehitionship, in so far as they <41*0 
apt to res(jnddf» each other in all respects, ineduding 
their sexual nature. And, secondly, that the advantages 
of cross-fertilisation de}>enil on the sexual elem(ints of 
the parents having be(?ome in some*degroe diflerentiatod 
by ^ the exposure of their progenitors to different 
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<u)iuftti()ns,» or iVoui tlioir having: intercrossed with 
iii(li\*i(liia]s tlius exposed, ur, lastly, froiii*wliat we call 
ill our i^uorane(‘ spontaneous variation, flo therefore 
wlio wishes to pair elo.stdy relat(;(l animals ought to 
k^f‘p tln^n un(1(‘r (Minditions as diflierent as possible. 
Some few brei'diTs, guidcMl by tlH?ir*keeu powers of 
observation, have aeti‘d on this jirintajile, and have kept 
stocks flf tiu* same animals at two or more distant and 
dilVerently situat(‘d farms. They have then coupled 
tile individuals<roin tln^se farms with (‘xeelhait results.* 
This same ]>lan is als<»une()iisciously followed whenever 
tin* mah^s, r(*ar(*d in one jilaee, are let out for propaga- 
tion to br<‘('ders in other jilaces. As some kinds «f 
jilants sufVt*r mut^h more from self-fertilisation Jbhan do 
otluM's, so it probably is with animals from too close 
int<*rbreeding. The effects of close interbreeding; on 
animals, judging i^ain from plants, would be dete- 
rioration in general vigour, including fertility, with no 
necessifry loss of oxi^ellence of form; mid this seefns 
to be the usual result, ^ 

It is a common jiractice with horticulturists* to 
oljtain si*eds from another place having a very dif- 
lenmt soil, so as to avoid^ raising jilauts for a long 
succession of j^oneri^tions und6r the same conditic^is ; 
Imt with all the species wiiiih freely intercross^ by the 
tiid of insc'cts or the wind, it would be an incomparably 
better plan to obtain seeds, of the recjuired variety, 
whi(di had be«u mised for some generations und#r as 
(riflbrent conditions m possible, and ••sow them in 
akornato row\s with seeds matured in^the old garden- 
The two stocks w^ould then intercross, wifli 8, thorough 
bleiuling of their wiiole organisations, and with no loss 
of purity to the Variety ; aad this would yield far more 

* ‘ Vuriiition of Animals and xvii. 2nd edit. vol. ii. pp. 98„105. 
Plants nndor Domestication/ ch. 
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favourable results than a mere exchan{!:e of seeds. AVe 
have seen in my exj)eriineiits how wonderfully tlu^ 
ofl*sj>ring pfotited in lieight, weight, hardiness, and f(‘r- 
tility, by crosses of this kind. For instau(*e, jihints of 
Iponnea thus crossed were to the intt^rerosscd j)hu'ts 
of tlie same stock, with wliich they gn‘w in competition, 
as 1(A) to 78 in lieight, and as 10() to 51 in fertility ; 
and plants of Eschsclioltzia similarly eonipatvd ‘Were 
as^lOO to 45 in fertility. In eomjiarison with self- 
fertilised plants the results are still 'Inore striking; 
thus cabbages derived from a cross with a fn^sh stcxdc 
were to the self-fertilise<l as 100 to 22 in w(»ight. 

‘ Florists may learn from the four (‘ast‘s which have 
been fid ly descrilxMl, that they have thepowiT <»f fixing 
each fleeting variety of colour, if they will fiTtilise the 
flow(»rs of the desin*d kind with their own polh*n for 
half-a-dozen generations, and grow/^fche soixllings under 
the same conditiems. But a cross with any other in- 
dividual of tho same variety must Ix^ cand'ully pn'- 
vented, as eai;h has its own jKXuiliar constitution. After 
a dozim generations of self-fertilisation, it is probable 
that the new varhity wouhl remain constant (*Vi‘n if 
grown under somewhat diflerent cumlitions; and there 
wot Id no longer b(> any Aecessity to guard against inter- 
crosses between the individuals of tin* same* varitdy. 

AVith respect to mankind, my son (h'orgi* has (ui- 
dcavoiired to discover by a statistical investigation* 
whe(4ier the marriage^s of first cousins un* at all in- 
jurious, althotVgh tliis is a degree of relationship 
ww^hich wouhl riot bo objected to in our domesric 
animals ; anrf lie iias come to the conclusion from Jiis 
owm researches and those of Dr. Mitchell that the 
evidence as to any evil thus caused conflicting, but 

• * Journal of StHtiHticjil Hoc.’ nightly Review, * June 1875. 

June' 1875, p. 15;j; and ‘Fort- 
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on w’hiAo points^to its being very small. From the 
given in this volume we mliy infer that with 
mankind the* marriages of miarly related persons, some 
of uhosc* jmronts and Ancestors had lived under very 
difierent/ionditions, would be ilnudi less injurious than 
that ot‘ persons who had 'always livf.‘d in tlie saints 
])lace and followiMl the same habits of life. Xor^.an I 
set* lyia^m io doubt that the widely diliereut habits of 
life of ni<*ii and womtm in civilisetl nations, especially 
anatiigst tht‘ classes, would tend to counter- 

balance any t^vil Ironi marriages between healthy and 
somewhat closely related jiersons. 

• 

ruder a th<‘<)retieal j)oint of view it is some gain to 
seienct? to know that numberless structures in her- 
maphrodite phiiits, and .probably in hermaphrodite 
animals, are s])t‘cial^idaptations for securing an occa- 
sional cross ItetwecV two individuals; and that the 
iTflvantjiges from such a cross depend al^)gether on the 
beings wliich an* uuit<Ml, or their ])rogenitors, having 
had tiu‘ir scMial eleiiujits sonu*what diftcrentiatetl,»so 
that tla* embyn» is bem*Hted in tin? sa^ie inaiim*r as is 
a mature ]>lant or animal by a slight change in its 
conditions of life^ alt*hough^n much higher degre^. 

Anotlier aml*inore*im])ortant result may be deduced 
trom my observations. •Eggs and seeds are liighly 
serviciuible as a means 1>f dissemination, but we now 
know that ft*rtile, eggs can te produced without^the 
aM of the male. are also many^^ther methods 

b\; whi(*h organisms (ran he propagiited asoxually. 
Why then have the two sex(?s been *deirek)ped, and 
why^lomahvs (3xist which cannot themselves produce 
oft spring? Th(3^\uswer lies, as I can hardly doubt, in 
the great good which is derived from the fusion of two 
somewhat diftcreiitiated individuals ; and with 4;he 
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exception of the lowest organisms tliis is pyssible'only 
by means of. the sexual elements, these (Consist itig of 
cells separated from the body, containing tin* g<;rms of 
every part, and eapiible of b(‘ing fused completely 
together. ^ 

it has Ikmui shown in tile pn'seiit volume tliat the 
offspring from tlu‘ union of two distim^t individuals, 
especially if tlndr progejiitors liave been subJ^j^’fejirto 
very dilVenait eondilions, have an iiniiiense a<lvantag(‘ 
in height, weight, constitutional vigour ami lertilily 
over the sidf-tertilised offspring from (»ne o{ the same 
jmrents. And this fact is amjdy snlliident t«> account 
for the (hfvelopimait of the sexual (dcanents, that is, for 
the genesis of th(‘ two sexi'S. 

^ It is a different <pi<*stion why the two sexes are 
sometimes combined in tht‘ saim* ij}divi<lual and are 
soimdimes se|)arate‘d. As with i;iiany of thi‘ lowest 
plants and animals the conjugatioji of two indivi<luals 
which are eitlmr ijuite similar or in some d(‘gree dil- 
ferent, is a cfommoii phemaneiion. it seems probable, 
as 'remarked in the last chapter, that the sexes wiu'e 
priiiu»rdially separate. The individual which reitdves 
the contents of the otluT, may be called the temale; 
and tljc utlier, which is:»(»fl(‘n sjualhu’. ami more loco- 
motive, may be* ealh*d the male; tla>ugh these sexual 
names Ought hardly to be applied as long as tlie 
wlioh? (roiiteiits of the two forms an*, blended int«) one. 
Tlie obje(*t gained by the two sex(*s^, beeoining nnit(*d 
in tht* saiiKj hermajdinMlite forpi probably is to allow 
occashaial or fre<[Ueiit sidf-fertilisation, so as .to 
ensure tln^ j>iiopfigatiou of the spt^e.icfs, more especially 
in the case of organisms atlixcd for life to the. saim* 
spot. Tlieni does not socnv to be any* great difli<mlty 
in understanding how an organism, form<*d by the con- 
jugation of two individuals which r(^])rcscuted tJm two 
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iiici/lieiit sfexos, might have given rise by budding lirst 
to &*inouaK*i()Us and then to an hermaphrodite form; 
and in the tsisc of animals even without* budding to 
an heTinaphrodit<‘. foriti, for the bflateral strueturci of 
animals ij)erliaf.s indieat(‘s that they were aboriginally 
formed by tin? fusion of two individ mills. 

It is a imu'i^ ilillieiilt problem wliy some plants and 
a}firAr(*4^tIy all the higher animals, after becoming her- 
maphrodites, have since had their siixes re-separated. 
This si‘paratio 4 i has been attributed by some natural- 
ists to the advantages which follow from a division of 
])hysiologieal labour. The principle is intcdligibh? 
wlien the same organ has U) perform at the same tiim? 
diverse fum^tions ; but it is not obvious why the male 
and femah* glands wlnm placed in different parts of 
till? sami; compound or simple individual, should not 
])errorm their fum^tims eipially well as when placed in 
two distinct individnals. in some instances the sexes 
fnay luive been re-separated for the sakg of preventing 
too freijuiait self-fertilisation; but this ex[danation 
does not seem probalje. as the* samii en?l miglit have 
been- gained by other and simpler ineTins, for instance 
diclioganiy. It may be that tlit? production of the 
mall* and fennih* •reprodjicti^e (*lements and ^he 
maturation of*the ovuh‘s was too great a strain and 
A'Xpenditure of vital h^’ce for a single individual to 
withstand, if imdowed w^ith a^ higlily complex organi- 
sation ; and t^iat ^it the same time there was no ||oed 
fitr all the individuaU to jiroduce yoiyig, and conse- 
iji^imtly that no injury, on tin* contrar#, good resulted 
from half of them, or the males, failing produce 
ottsjA’ing. 

There is ano4ih(?r subjecj on which sonu* light is 
thrown by the facts? given in this volume, namely, 
hvbridisation. It is notorious that when distnict 
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species of plants are crossed, they produce' with the 
rarest oxcej>tions fewer seeds than tlu^ normal iinniher. 
This unprod activeness varies in diflVa-ent species uj) to 
sterility so complete that not even an ('inpiy capsule 
is formed ; and all ex])erimcntalists liave found that 
it is much inllutfiet^d hy the conditions to which the 
crossed species are subjected, ddie [)olleii of each 
species is stnnifrlv pr(‘potent ovi*r tliat of any. o+her 
species, so that if a plant’s own pollen is placed on 
the stigma some time after foreiirn jxdleii has Ik'CIi 
ap])lied to it, any efi<?<‘t from the hitler is (juit(' obli- 
terated. It is also nof<»rious that not only lh(‘ ])arent 
species, but the hybrids raised from tluaii are more or 
less sterile; and that tlndr pollen is oft(ai in a more 
"or l(‘ss aborted coiulition. Th(‘ d(\irrre(‘ of sterility of 
various hybrids d<»es not always strictly corresjxaid 
with the deforce of dilliculty in ^;initing the ])ar<*nt 
forms. Wh<‘n hybrids arc^ capable of bnxMlinp^ inter se, 
their desccaidants arc more or l(*ss st(‘rile, an/l they 
often become still more sterile in the lat(‘i\irc‘nerations ; 
but then close interbreeding Inisjiitherto Ixxai practised 
111 all such casesi Tin? more sterile hybrids are some- 
tiin(*s much dwarfecl in stature, and have a feeble con- 
stitution. Other facts could be given, but . these will 
suffice for us. Naturalists formerly attriouti‘d all th(‘se 
results to the difference* between specit^s Ixang funda- 
namtally distinct from that btdwemi tin* varii*ti(*s of 
the same species; and this is still tin* verdict of some 
naturalists. 

Tln^ results of my experiments in self-fertilising apd 
cross-fertilising the individuals or the varieticjs of the 
same species, are strikingly analogous with those' just 
given, though in a reversed manner. V"ith the majority 
of species flowin's fc^rtilised with their own polhm yield 
fewer, sometimes much fewer seeds, than those ferti- 
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lisM wit^i pi)llen frmn another hnlividual or variety. 
Soihe s(‘lf-fftrtiliso<l flpwoiis are a&solutcly sterile ; but 
the (lei^ree* of tlnnr sterility is lar<>:ely determined by 
the |3on(Htions to wllndi the parent plants have been 
4jxposed, as was well exemplified in the ease of Esfdi-* 
seholtzia and Abntilon. ^’he efiects^of ])ollen from the 
same j)laut are obliterated by the prepotemt irrtluenetj 
oY •p<tilen from anotluu* indivitlual or variety, altlioiigh 
tin' latter may have been plaeed on the stigma some 
hours a,ft<M‘wj%rds. The offspring from self- fertilised 
flowers are thcmiscdves morcj or l(‘s.s sterile, sometimes 
highly sterih‘, and their pollen is sometimes in an 
imperf(*et condition ; but I have not mot with any e.tse 
of .e,omph*tt^ stiwility in self-fertilised seedlings, as is 
so common with hybrids. The degree of their sterility 
does not correspoml with that of the parent-plants vhen 
first self-fertilisc(h 'Phe oftspriug of self-fertilised 
plants snlfer in sYature, weight, and eimstitutional 
Vigonumoro fre<piently and in a grerAor degree tiian 
do the Iiybrid offspring of the great^n* number of 
crossed spt'cies. T)ec»MS(‘d height is transmitted tjo 
the next generation, but I did not ascertain whether 
this a[>])lies to dccnvisod fertility. 

1 liave elstnvlwn'o shown* tlmt by uniting in vai^us 
ways dimorpliie or trimorjdiic hetm'ostyled jdants, 
^vhich b(*long to tlu? sAme undoubted species, we get 
am)ther serit's of results exactly pvrallcl with those 
from (trossing; distinct specii^s. Plants illegitimately 
fertilised with pollen from a distinct jilniit belonging 
t<%tlio same form, yiidd fewer, often niAcli fewer seeds,® 
than they do vvlum legitimately fertilised* v\*lth pollen 
from*a plant belonging to a distinct form. Th(\y some- 
times yield no «t‘ed, not C'^en an empty capsule, like 


* ‘ Journal Liim. Sue. Bat.* vol. x. 1867, p. 303. 
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a species fertilised with pollen from a distii/ct ^ei\ns. 
The degi'ee of* sltTifity is inneli alVected hy the eohdi- 
t ions to whieE tl\c plants have been siibjeeted.* The 
poll(‘ii from a distinet form is strongly j)rep(/tent /)ver 
•that from the same fonh, although the former mav 
have bt'en placed fin the stigma many hours aft(U*wards. 
'riio ofife[u*ing from a union b(‘twe(‘n plants of the same 
form are more or less st(‘rile, like hybrids, and hu\^‘ 
their p<»lleii in a more or ]i‘ss aborted einiditioii ; and 
srune of tlie setMllings are as barren aud.«;is dwarh^d as 
the most barren liybrid. They also restanble hybrids in 
several other resjM'cts, which ihhmI not hen* b(j s]u»ciii«Ml 
in*’d»‘tail, — such as their sterility not eorres[M)nding 
in degre^^ with that of the ]»ar<*nt jdants,— tlu* nneijual 
sterility of the latter, wlnui reci]»rocally unit(‘d, — 
and the varying sterility of the sei‘dlings raised fron» 
tlie same seed-capsule. 

AV(‘ thus have two grand classes of (*ases giving rt ‘suits 
which eorrespocnd in the most striking nianm‘,v with’ 
those vliich lldhiw from tin* crossing (d* so-called true 
and distiiK’l spe<*ies. AVith tesjH'Ct to the* dilVerence 
between seedlings raised from <*ro/>s and self h*rtilised 
fi(*w<*r.s, tljf*n* is good evidencf* tliat this d(*p(‘nds alto- 
getVer on whether tin? si^xual <4enients of tin* jwireiits 
have lit'cn sufficiently differentiated, by <*xp(»sure tc» 
differeirt condition or by spontaneous variation. Jtc 
is i»rol)able that nearly the same conclnsitui may be 
exte«<le<l to heterostyled plants; but this is not tin? 

• ))ro]K‘r ]da<*(^ s^or discussing tlw? origin of the hin<f- 
iStyh'd, sliort-stVled and nii(bstyle(l forms, whi(*h i^ll 
l)elong to tin® same sjiecies as certainly as do the two 
sexes of the saine,sj)ecies. AVe have tlierefure no tiglit 
X(i imiintain tliat the sterility of species when tirst 

* Journal Linn. Soc. Hot.* vol. viii. ISCL p. ISO. 
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crossed and of tJieir .hybrid offspring, is determined by 
some cause fundamentally different from that which 
determines the sterility of thp . individuals both of 
ordinary *and, of heterostyled plants when united in 
•'arioug*ways. Nevertheless, I am aware that it will* 
take many years to remove this ])rejudicc. • 

Tla*re is hardly anything more wonderful in*nature 
tluln Th(^ sensitiveness of the sexual elements to external 
iiillmaices, and the delicacy of their affinities. We see 
this in sliglit*changf*s in the conditions oi‘ life bcniig 
favourable to th(\ fertility and vigour of the parents, 
while certain other and not great changes cause them 
to ])e (juite sterile without anv apparent injury to thbir 
health. W see how sensitiv(* tlie sexual eltijnents ojf 
thos(‘ plants must be, which are eomj>letely sterile with 
their own pulhai, hut are fertile with that (»f any €>thor 
individual <>f tlu^ species. Such plants become 

either mure or l(‘ss self-ASt(*rile if subjected to changed 
conditions, although the change may 11^ far from great. 
'rh(‘ ovules (»f a heterostyled trimorjjiic plant are 
affected very diflerenfly by jMdlen f^>m the three S(its 
of stamens bcdongiiig to the same species. Witli 
ordinary plants thejKdleUpof another variety or merely 
of anotla^rindjvfduaj of the saifto variety is often stroligly 
[irc'potent over its own pollen, when both a.ro jilaeed 
at th(‘ saiiK* time on thy same stigma. In those great 
families of plants coiitainwig many thousand allied 
^pecies, the «tig1na of t»ach distinguishes with ifnerr- 
ing eertainty its o\tn ]»olleii fronyMiat of ev(‘ry 
(ft her species. , 

There can be no doubt that the sterilit / of dis- 
tinct species when first crossed, and of their hybrid 
offspring, de])fiids exclnswely on the nature or affi- 
nities of their sexual elements. We se(‘ this in tlu 
want of any close correspondence between the degrei 

2 II 2 
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of storility and the amount of oxt(.Tnal difforence in tlu* 
spocios which itro crossed ; ai^d still more clearly in*tho 
wide diflerence in tlje results of crossinjjf n'cijmuNilly 
the same two species: — that is, whon sptvies .V is 
*V*rossed with judlen from i>, and then 11 is crossr^d witl* 
pollen from A. ilearing in mind what has just hwn 
said on* the extreme sensitiveness and (hdii'ate ailinities 
of the reproductive syst(‘m, why should we fe('l jfny 
surprise at the sexual i‘h‘ments of thost^ forms, which 
we call species, haviiifi; been ditVereutii^ied in such a 
manner tliat tlu*y are incapable or only feebly capabh‘ 
of actiiifij on one another? We know that spe<‘ies have 
i^elierally lived under the sanui conditions, and have 
retained their own pro}K‘r characters, f<u* a mu(*h longer 
period than varieties, Long-(*ontinu(‘d (loTm*sticati(Hi 
elimviates, as 1 hav(‘ shown in my ‘Variation under 
] )omostieation,’ the mutual sterility which distinct 
* species lately taken from a state of natun' almost always 
exhibit when inK‘T(5rossed; and we can thus umhustand 
the fact that tl\e nu»st difterent doni*;stic racers of animals 
a^e hot mntually sterih*. Ibit wheth(*r this holds good 
with cultivated varieties of jflants is not known, though 
some facts indicate* that it /loes. The elimination of 
sterWity through long-Oontiiineil /lomesticatifUi may 
probably be attributed to thf» varying conditions to 
which onr domestic animals lum^ l)een subjcct(*d ; and ' 
no doubt it is owing to tliis same cause that tlu\v with- 
stanch great and sudden changes in their.t*onditions of 
life with far les^' loss of fertility than do natural s]>eeies. 
i^^rom these several considerations it appears prohabk^ 
that the (fifferenee in the aflinitif‘S of the sexual 
^ elements of distinct species, on which their mntua.1 
incapacity for bn^eding togothcr dcpc'uTls, is (janse<l by 
their having been halutnatcd for \i very long period 
each*to its own conditions, and to the sexual elements 
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liatin^ thus a(*<{ni\c(l firmly jfixed affinities. However 
this inay )>e, witli the two great classes .of cases before 
us, iiamel}’*, theses relating to the self-font ilisation and 
cross-lertnlisatioii of Hie individuals of the same species, 
^iiid tlR)so rtflating to the iHegitimate and legitimate^ 
unions of h(.‘torostyh*d jilftnts, it is qiite unjustifiable to 
assiiUK* tliat tlie sterility of species when first , crossed 
fnyl ^)f their hybrid offspring, indicates that they 
differ in some fundaiiu^ntal manner from the varieties 
or individual of the same species. 
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Dobbs, Im'Cs frequenting flowers o# 
sanu' special, 410 

Dodd, Dr. K., 8<‘xual reproductiofiis 
409 , 

Duhamel on sativus. 

893 

DuiihI, nectar ns an excretion^ 
402 

Dyer, Mr., on LoheUa ramosay 176 ; 
on Cin€raria,'6oo 
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EARLEY. FlMARh. 


R 

Earlo)", W., a'lf-firtilieation of I 
Lathffnin (ulonttu)!^ 15l? » | 

•Eaton, iUv. A. K.. on I*ri)ig1ta^40S j 
EnKehumiii, devtlopintiiiV of Bcxual ‘ 
ft)niia, 400 

EiiixltT, Iir., on dichogaiiious Saxi- * 
frafja, 440 

Entoim>]»hilovs I'laiita, 408 ^ 

Epifmdia hitintiia, atiniolivc only ^ 
t<» wji.spH, llTo, 4-!^ 

En'ea Mrtiiix, 42 J ; i^erloratitl 
corolla, 42*;, 434 
Krijfhnmi, 300 

EiU'harhoIf.zia rnliforvh'n^ lOO; 
uitaaiironu ntj*, llo ; plants mist <l 
from IJfuzilian sc<(l, 111 : wiijrlit. 
113; soods, llA, no, 310, 3lt», 
322; cxfxai'roiits on, 203, 275; 
sujH.*riority of sclf-fortilisod (n< r 
cfosstd, 200 ; early lloweriii;:, 
202, 204; artificially wlf-feiti- 
lis«d, 3ii2 ; ]K)11 <m\ from otlier 
‘ flowers mt)rc* etlwtive, 340; st If- 
r btelilc in Diwzil, 34^’, 358 
Kuphrnnia ujjk'hiaJi*^ 308 
En njn ha m azimi ra^X. S 
-/ ro/, 305 


r. 

Fabrici'is on Ariniolofiaa^ IJ 7 ^ 

Eoijojfyrum t ucuif ntum^ Tlii i eaily 
• tlouering%4 ejoshod )>]unt. 203 
Fnivre, iO-ofessor. self-fertilibution 
of Cunnnrea^f 230 

Farrer, T. II., pupil ionai'eoiiN 
^ flowed, 5; LupiuuK 147; 

rhoHcoluH multijlo^vsj 150, 431 ; 
.Pimm mtirum. lltU; cr<iss-f»T- 
^tilisation of J,nh<1ia ramom^ 170; 

on Coronilla^ i05i * 

Fermond, M.. I*hamt1m miilU- 
« ilorUH, 151 ; r.torriin:HM lnjhriflit»i, 
151 

Fertilisation, means of, .3,50 ; plants i# 
bterile, or partially so without ! 
iii.beci*aid, 357-304 ; i)lauts ler-. ^ 


til(' witlnmt insycl-aid, 305 -300 ; 
mi'iinn of 370; 

hiininiin«;-hird.x, ,371; Australian 
liowers fervilised by • lauicy- 
sucking binls, 371 ; hi Now i^i- 
lund by file AuthoruU mtlamirn, 
,371 ; attraction t>f bright colours, 
372; of odours, 374; flowrps 
adai>ti'd to<*i‘Hain kindsof ijistcLs, 
375; large ainount (A polleii- 
gmins. ;I70, 377 ; traiispiut of 
iMilliMi by insects, 377 370; struc- 
ture and bonspicuonsiu^ss of 
fbAvi rs, ;iSl ; jK>lb‘n from a di.^- 
tinct jdatU, 3>8 ; j)re])otent 
ptdlt'U, 3y3 JOO 

Fertility, heights and weights, r<- 
lative, of jOants crosstsl by a 
1re?»h stock, M lf-fertili»ed/ r»r 
intercros>ed ^'I’abje C), 245- 
252 

Fertility of plflnt^ as inthuiavd by 
cro.>?s jtfid M Ob fertilisation 'Table. 
1> , 31^5 ; rt hifin , of cio.sscd and 
s» If-rcftiliw'd parents (Table K), 
,311-310; /aa<i/c, from a croJs 
witli fn‘>h st' ck (TablA F), 31'J ; 
nhitirr, of thoYers crosswi with 
jiolitAi from a distinct pl.iiit and 
tlifdr own pojh n (Table (»), 320i* 
<»f eios>ed and self-fertilised 
dowels, 324, 325 

Flowering, perioil (»f, su|H.Tiority of 

* cn>>seA over aelf-leriilis*.rd, 231- 
237 • , 

Flowers, white, larger proportion 
Hvielling sweetly, ,S74 *. stiuclury 
iVid eonspicuousness of, 38l ; con- 
spietious and inconspicuous, 385 ; 
papiliona<a ous, 385 ; fertilib<‘d 
with pollAn fiAin a distinct platd, 
381* 

Fitmjthia virklMma^ 341 

Foxglove, 81 

Frtiiikland, Dr., chemical affinity, 
45fJ 

Frnjrinm or/o/s. 402 

Fumaria cnftrikf^hitny 300* 

- oj^'inalU^ 300 
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oJlii'm. 


^ IIOFFMANK. 


Q. 

(rulium ^ • 

(Jall<‘,sir),^s]K)iifiaiL-uus crossing of 
oranges, f • 

G^dii, 31r., Limnnnfh*>s (hnglasii^ 
M(>; rciK)rt on the tables of 
nicnsiirenn iita, IKJ, 2:M ; 

'sijf-fcrtiliscd pLiuts, 21)0, 291; 
sn|.K»iqi, vigour of crossed stH)d- 
lings in Lath gins ndoratutf^ SalJ, 

Giirtner, excess of nidlen injurious, 
21 ; plants feirtilisiug one amdlit-r 
nl a considerable distance, 152; 
Loht lia folgf uri, I'/O, 990 ; sb-Tility 
of r» rhasruumigntm^WM) ;nuudKjr 
of jiolb'u-giains t(» fertilise Uvuin 
vrlmaum, .‘!77 ; experiments with 
polbsi, 979 

(Jeiitry, Mr., jierforation of corolla, 
•127 

tL mu iarv:i\ 142 
(rurauiuui phuutu^ 420 ^ 

(h rardia pulirularia^ 427 • 
(i^rniination, ])eri(Kl of. and relative 
weight c*f s<*eda from crossed and 
stdf-n rti list'd flowers, 952-95,> 
Gvaucria jH'iuiulhuu 92 ; nioasure- 
nients. i>2 : seeds, 922 , 

(Tt'sucratrcA', 92 

Gniiu ttrtiauum, number of pollen- 
grains for fertilisation, 377 
Glanrhim tufruiu^ 900 , 

(ittdroii, iiitercro.'.sing oP carrot, 172 ; 
Vrimvla gruudijhka afleetcAl by 
]»ollen of officiitaUH^ 378 ; tulips, 
• 391 ^ 

(lould, humming-birds frequentffig 
Iinpath iis, 371 
Gmminacm\ 23.9, 4^0 • 

Giftnt, Mr., liees of different hives 
vi.siiing diflereut kinds of flo<frers, 
4%\ 

dray, Asa, sexual relations of trees 
ill United States. 412 ; on sexual 
reiircRluction, 439 

E. 

llullot, Major, on selection of grains 
of cereals, 354 


T llassall, Mr., number of polb n- 
gmins in Ta uiiy and Damlelit)!!, 
9>70^ Veighfc of pollen produced 
J>y one }>!ani of Bulrush, 405 
Ht'artsease, 123 
• Ilnhjrhi u )a«304 

Ih ilgmruin (mdiryahUy 301 u 
! Heights, relative, of croBsed and 
j self- fertilised jiiaiits (Table A\ 

! 210-243 

; Heights, weiglits, c^id fertility, 

! summary, 2:h^284 
Hi‘iiHchersexpi?rimeuts with pollen, 

. 379 

Henslow, llev. O., cross fertiiisa- 
. tion in SaraihauiniiK 

it;4 , 

Herbert on cross-fertilisation. 7 ; 
pfdleii broil Ld»t fn^m di>tant 
plants, 378 : sj»ontaiR*)Us crossii]^ 
of rlioiiodeiidrons, 994 
I Hero, ilescejidant- of the plajit, 47- 
j 51,2 8; its sclf-lertiiisalioM, 349 
J JLtrron'ufmu nu'.cirauiiin^ 3G1 
^ JlihfKriiH n friraung, 149; iiieasure-^ 
ineiits, HO ; result of c xperin^uts, 
j 277 ; ear]y%lowering of crossed* 
t plant, 292, 290 : number of pollcii- 
I grains for ferfflisation, 377 ^ 

! *Hi bleb laud on pullcu of ^ 

} par^mrea, 82 ; Thanhcrgia uhifa^ 
90: exjM'riments on Ksrhst'holtzia 
raiifoniicu, 110; Vinta tnrolor^ 

1 i23; LoMta ramom, I7(i : Fugo~ 

• 22tS ; selWertdi- 

sation of Zc« ami/s. 293 ; Corydalu 
cam, 331; Hypc.coftm grandi-^ 

flonim^ 331, ,95; •; and H. pro* 

j , c« mlwuft, 331 , 9(iJ » ; sterility of Each- 
I tK’hohzia, 932 ; experiment^n self- 
ft'rtilisation, 340 ; Corydan» lutca^ 
i 359 ; sponlf^ously self-fertilised 
j flowers, 300^* various meohnnietd^ 

! structure tp check s-ilf-fertilisiP 

j tion, 382 ; ‘enrl^ i^parntion of the 
I sexes, 400; on A riMorh ia^ 417 ; 

! fertilisation of the Grawi am.’, 440 ; 

wide dissemination of seeds, 450 
) Hoflmaun, Prof. II., self-fertilised 
1 capsules of Fapaver minniftrmi^ 

I • 108| 3Uti ; Adonis xttivalisy 129, 
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HONEY- DLW. 

3G5: spontaiieons variability of 
J*hn)Kvln>t multi 151 ; solf- 
fcTtillsutiofi of kitlnev-botin, 152; 
Vapavcr alpiunm, 3ol ; btorility 
c of Conjflaliit Linum 

Hfinry-ilow, 402 

Ho.»ker, Kuryale j'rrnx aiHi 

Yirioria rvyia^ oacli producini? 
seveml llo\vi*rs at oiire, o(;5: on 
sexual relation of trees ifi New 
Zealand, 411 
Jlorse-chestmit, 309 
Hniuble-bees, 41t5 : ttrc Ib es 
HuinboUlt, on the irmins <kf eereala, 
354 

Ilu\|iinijij;-birds a means <»f eross- 
fertilisution, 371 
Hyacinth, 

Kybrid jdants, tendenev to revert to 
their parent tbrms, 379 
Hypf'f'uim ijramlijUintm, 331, 359 
promt 33»1, 3G(5 

I 

I. 

Hun's umhrUafa - var. hmusiuno), 
103 ; meitftUreiiiYent. lOl-JtUi ; 
5*r<)s.s by fre.^li ^to^•ks, H>5;'*j 
remarks on expehments, 2G2; 
superiority of cr(»ssi «i over si lf- 
firtilis'd seedliiij^s, 289; ♦Mrly 
tlortorin;;, 2'92 ; number <»f set ils, 
315^ highly seU-fi-rlile. 3»V»; 
]»re}»otenry of otln r jM»llen, 392 
• amantt Jb’if) 

Impntif Hs frequented by huinming- 
birds, 371 
- hf^fiifera, 3t;(» 

-/i&ra, 3U, 3t;7 

■ noli -m r mjv r<*,i3d7 

c imUidu, 34 i ' 

iniieritnncci, force of, vi pbints, 305 
Insects, ijieansf»f h'ossdbriiliHatioTi, 
371 ; nttracted by briLdit ifdours, 

• 372; by (»d uirs, 374; by cbn- 

spicnoiis flowers, 383; dark 
streaks und marks ns irnido's for, 
372; flowers adapted to eertiiiii 
kinds, 375 *< | 


KrRB. 

Jjmmaa purptin*^^ 28; nieasnrt‘- 
nu'nts, 29-49; tlowiv^i on same 
plrtnt crossed. 41-'44; cross wiih 
fre>h sb>ck,^45 -47 ; descendants 
of Hero, 47-V>l; 3nmmary*iof 
measurements, 52; dia$;;ram slmw- 
ini;: mean heights, r>3 ; summary 
i of observafiruis, 53-02 ; ofex|HTi- 

: ments, 257-259; sup^riofitV of 

crossed. 289; early tl"Werin^% 
291 , 2i»7 ; eflects of intercrossing, 
300; iiniforip colour of H<‘If-fer- 
. tills* d, 308 ; seeds, 314, 322, 824 : 
bi»roly self-ferlile, DoS ; jirepo- 
tt‘ney of otiier jKilltm, 397 
; Iris, secretion of saeebarine matter 
I friiiii calyx, 402 

Isiitoimif 170, 304 

J. 

Juglitiis rt tjiii, 35 >0 

K. 

j Kdlmia hiithdiu^ 359 

Kerner, (»ri jMoU*etion of the pollen, 
370: on tlie binRh* daily flower 
of Vithtrsia parmiAsijoUn^ 390; 
]>5ileD carrleil bv wind, 405, 40ii, 

i 

I Kidney-) s.*an, 152 

1^- Kitebener, Mr., fn» tin* R«‘tion of the 

I Htlymni. tik; on 123 

Knij'ljC; A.,<»n tplieseMml intercourse 
of plants. 7 ; eri>.>sinj^ varieties of 
peas, 103; sexual repnxiiietioy, 
I ^39 

Kobl-nibi, prejM>teiicy of i»nlleu, 
393 

KblreiiliT im cToris-fertiliMilion#? ; 
immber of |iolleu-*?rainH tk cessary 
tor ferliJisiitiou,,24 ; wjxunl attbn- 
ties of yirotiauit, 210 , JWIutTrum 
p/iauirrutu, 330; cx)H;riments 
with pel leu of llihisa^ vtsi- 
'*ffr/Ms, 377 

Kuhu adopts'Klio term cleiaiogciic, 
UO • 

Kurr, on excretion of nectar, 402; 
removal of corolla, 420 
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fMttim Xfr/?m, 17:^,300; meiisiirc- 
iiKMit, 174; prepotenoy of otlior* 
pollt-n, 3D7 

Lit mi It III iilhum, 380, 410 
— ~ 410 

LathifniK iiihirahi!i, l/)3-160; nu*u- 
Kuromi'iits, 1 07 - 100 ; rtMiiarks 

on oxporiinonts, ^20;") ; ])(*rkMl of 
Ooworintr, 20r); cross-fertilisation, 
304 ; 310, 325 ; geif-fi*rtili‘, 

307 

(jnuid ijlttruft, 155, 300 

— — ninHolitt, 307 

Ktllrottriif, jierfonition of corolla, 

4211 

Lawe.s and (lilbort, Messrs., con- 
snmptkni of inori'anic matter by 
plants, 418 

LjiXton, Mr., cro.ssin" ^.rictios of 
pens, 103, 305 ^ 

Lecop, Cif‘htmi '11 repn/eb/jw, 215 ; on* 
* Fttimtr^ttr.r, 353; annual plants 
rarely di(i*ei()n.s 413 
Iji'i rniii orifZtiiilt'Hy 350 
LajnminoM', 1(7 ; summary* on the, 

• ios ’ • 

TitM<;hton, Uev. W. A., on JVuMeobts 
multillurus^ 151 ; . Icocm maguijivity 
405 ‘ ‘ ^ 

Jjf'ptoHiiihoii niifhoiifirf^iiH, JTfi8 

Ijparlu'im nil ialforni^my 30 1» 
la-ttuee, 173 

Jdlinin anrnlnui, 341 • 

/v/»)m////ye'.xfk)a.;//es//, 145; nica^ire- 
merits, 140: ‘oiirly llowerin;? of 
eroased, 233; soitK 316, 323; 
fhif'lily helt'-ferfib', o0»7; pre^io- 
tcncy of otinu’ iK)lb>n, 3t»7 « 
IdLniri/t ruhjftrtK, 1), 88 ; seeds, 322; 
self-Btoril(% 303 

nymihalariny 381, 422 

liinilfl‘y on FnmariaceXy 350 
liink, liypopc?talon8 nectar A in 
Chlrunitt th'dimtiXy 403 * 

hhiiim ffmmUflmnm^ 343 • 

UHtatiHxiinuiUy 360 

/jousacea;, 170 


MEKHAN. 

» 

Lohflia erinun, secretion of 

nectar in sunsifine, 403 ; experi- 
ments with Irees, 420 
LoheluifibUjimsty 1 70 ; inoasnremcnta, 
*180-182: suminaiv of experi- 
ments, 274; early flowe'rinj; of 
srOf-fortiTi^i.!, 201, 204, ‘.{,95: 
seeds, 323 ; sterile unless visited 
by humble-bees, 364 

ramoxay 176; measurements, 

177, 178; early powering of 
crossed, 203, seeds, 325; 

self-slerile, 364 
Umnior^ ln> 

Loiseleiir-l)(‘slongchamp, on the 
grains of cereals, 354 
Jjdtm coniirnhtf 361 
LublMK’k. Sir J., cross-fertilidfltion 
of flowers, 6; on Viola trico/or, 
123; hoes «listiuguis!lling coloujs, 
373 ; instinet of hoes and insects 
sucking nectar, 415 
Lupiumhiff'ioi^ 147; measuflemonts, 
148; fnirly flowering of self-ferti- 
lisetl, 204, 206; self-fertile, 367: 
prejxtP ney of other pollen, J107 

piUnii(n%V ,) ; self-fertile, 367 • 

Lychnitf tlioicay 411 


U. 

Macuab, Mr., on the shorter or 
longer stamens of rhododendrons, 
0 208 

Mahon ia arjui folium, 305 

repeas, 305 

M(il,vact'.u’, 14(1 
^ Mamjrnriar.r.p, 404 
Masters, ]\Ir., cross-fertilmtion in 
Fimm aalhum, lt»l; ^abhage| 
aftected by^pollcn at a distance, 
378 # 

, Dr. Maxwell, on honcy-dew, 

402 •* t f 

jKIeasurcments, summary of, 241 ; 
Table A, 240-213; Table B,< 
244; T:d)le C, 245-252 
Medicayv Inpulina, 368 
Meehaii, Mr., fertilising Vdunia 
violaoea by night moth, J88 
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MEI.ASTOJfACK-®. 

Melnfinnian'fv, 

Meliloim ojficinctJf^, .-{OO 
Mermrialiit annua, IIS* 

Milhtr. rrofessor, on chomicnl arti- 
nity. 45<j 

MininluK lutcuti, cfVocts /‘f crospinir, 

![,0; (‘.rossotl himI 
jilants /54-70 ; nu-nsllrl‘lllont^*, TO- 
TS* : cross with n «listinct st(H*k. 72- 
75; intricriJS.siMl on same jjlant, ; 
75-78; .siif^tmary of ()l>si rvatioTis, ; 
78~S1 ; of cXj'criinmts, 250-201 ; ! 
'sui»crioiity of orp^seil |»lniits, 280 ; ; 
Bimnltaia'ous IhoiVnii};, 2y4» 2‘»0 ; j 
eO’wts of intt‘r(*r<*s>inir, *,101 : ; 
uniform colour ftf solf-f*>rfilis« d, j 
:{| >7 : S» • M Is, :? 1 5, :? 1 1 », :i22. M2 1 ; » 
liijthly self-fertile, :U8, pn*- | 

poti ncy « f other i»olien, Ml»2, MU7 I 
- y; WA | 

Miner, Mr., red clover never sm k» d « 
bv luve-l>ees ill the United Stfit<*s, 
Mta ' 

MirahiftHf dwarf«*d filaiits raised by 
iisinj: hw) few pollen-<rruins, 208 : 

of grains neeessiiry for 
fertilisation, MTT ^ 

Mitchell, Dr., on first cousins inter- 
mnnyin'r, ItlO 

tmn f nstjenno^ 201 
3rfMire, Mr.. <»n Cineruntis, MM5 
Miiller, Ei’itz, on (pterin 

/rf/f/mas, 5, M‘.)l ; exfHirinieiit.s tiiii j 
liybrid Ahntiiooi^ ami ]U(jut>niiaf, \ 
M05, MOO; larue iiumiHr ti’ ; 
oreliidaceotw f.’:enera sterile in : 
tlieir nativT Ixane, ulsf> lliimonia 
nml TalH'rnn manta nn ((hitiaia, j 
MMl : sbTility of Eechf^^haltzia . 
t‘(iiij(upii(‘n^ MM2, M12 ; Ahnfifan 
danrStii, MM-l ; experiTm nt.s in | 
wdf-fertili.sntion, ; wlf-ftterilc j 
plants, Mil; itieajiaedy ofpcdJen- j 
^nhe« to priietTate the sti/jfiua, j 
M42 ; cross-fert*li*ptiort by iiieuTis | 
of birds, M71 ; imperh rlly devo- 
lojxjd male ami female 'fermites, 
380; food-bodies in fVrro/mi, 404 | 
Muller, Ilcnnann, fertilihatiim of 
flowers by insects, 0, 7 ; on 
Diffitaju jnirpvrea 82; Caicnt- 


KArnik 

/arm, 87 ; Lin^ria rulffarh, 88 ; 
Vet ha mm nifmnnfn^ Hit; the 
eoliiinon cabbage,* 08 : Vapan r 
dntthun, lOTti TVo/n trif'^alar, 123, 
124; .<tructurt‘ of ^Ih'tphinMtmt 
pomtnJida, 120; of Lupin ua hdea, 
147; llewer.s of Pisuin natinnn, 
U^O, ltd ; (»n iS((rai1iainnn!i sertp/i^ 
rim ma seiTetin^ neetsifp 104 ; 
Apinm iHtrastlinum^lTl ; ihratja 
alHrinafiii, 185; reil elr»ver vi.sifisl 
by bive-bees^in tb rinany, 3f»l : 
in.sfvts rarely visitin': I'nmarin 
afiieinafift, .’{tlO ; coniparison of 
hovlaml and alpine .-^prcies. 375: 
structure of plaut." adapted ii» 
cri*SM and self- tbrtilisatif'U, 380; 
hir^e conspicuous tlowers more 
freciueiitly visit'd by insects than 
Hiuall inconspii nous ones, 383: 
Sifiannni generally nnattractivi* 
to insects, 387 ; Latninm alhntn, 
380; fA aneinophilon.s plants. 
4t>o : fertibsatifni of Ptan1a(jit, 
401; stcretion of nectar, I05 : 
instinct of bees suckimr nectar, 
415; bees friMpientini: tlowers of 
the same s|M‘i*ies, 410; <‘aust^ of 
it, 4‘ltt; powers c*f visii»n and 
diA'rirnination of bees, 422 
Midler, Dr, II., hive-lues <»cca- 
.^iiMiafly ]>erfonite the flower of 
F.rira ttiralix, 427; calyx and 
corolla' of ^lihinanihnu ahefera- 
boreal j»N /l^ndnat inantru- 
fttlnd, 4’{2 

Minwn, Mr., some H)>»‘cie's e>f Oar/-t 
difirn and Ma.rillari(i sterile 
\\itli <»WM pedlcn, 331 
Myrtart^e, 4 f2 

H. 

Nttj:< li on mlours attract in" iriHc^ets, 
374; 8<‘Xnnl iclat ions, 400 
Naturid Hclect ion, (‘fleet uiKrti sclf- 
ht/mlity and w If-h-rtilisation, 345. 
340 

•Nandin cn number of po11en-p:min8 
nccesHary for fertilisation, 24 ; 
J*f'tnnin tiularea^ 188 
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nIxtak. 

Nectar rejranled an excretion, 402 
182; incasim?- 
iiuaits, 18<MS5; early llfowriif^ 
of croiMMf ])liinT, ; oflectH of 
%roys aii'l* self-ft.‘rtilisatiim, 303; 
rtcods, 3 1(1. 323 • 

Xf'pclfi (jU vhmn^ 410 
Xif'oliunn tfludnfmn^ 210 
— *- 203 ;*iiica.'iirements. 

2or» -2fl^ ; cro>s with fresh stoc-k, 
210; iiicaMireiieiits, 212-215; 
siimojiirv (»f cx|»fa iiiieiits, 200, 207, 
273; siii>eri(aity Sf ernssed pluiifs, 
2SS-2iM); early Ihtweritig, 233- 
235; seeds, ;i23. 325; r‘X|)eri- 
nuntH on, 313; stdfdVTiile, 308 
XitJatm jn'tKlrola^ ISO; iiK'ji'^un*- 
luenis, 1S7: crossed and self- 
fertilised plants, 277; numher of 
• eap>ules and sCdls, 321, H23 ; 

seifd'ertile, 308 
Xthimtftw, 1>0 

XyntphiK!, 358, 305 


0 . 

(Klourseiuittcal hy ilowers aftraetivo 

• tn insects, 374 • 

t)},'le, Dr., ('ll Jh'ffUnliti purimnn^ 

82 ; (ii’sHf 32 : J'htiiSlm unil- 
djhirKs, 151, 30(1, 431 ; perfom- 
iinii »if col oil a, 420 ; oa%e of Ih'fe 
liT'tiikslio»Ml| 42s • • 

OihUjntrr.r, 1*3 

Onion, prej'oteiiey of other ])^lleTi, 

* .... 

(Jiiouia iiHiivihKuinty 107 ; luensure- 

lueTits, 108; seeds, 323; seff- 
- fertile, 307 • * 

njihrija np/fcyvf, 350. 303, 43t^ 

-• ‘iinisri/nui^ 381, 400 
tfciniros, spontaneous erossiiifr, 334 
Orrhiih'H', 304. 303; exeretiou of 
satehnrine inathir, 402 
Orchis, ily, 400 \ 

ihitjmmm rnhum^ 34; mealiire- 
nnnts, 35; i‘arly Ikajering oi 
ero:^^e^l i)h\nt. 292 ; effects of 
int' rero.sfcing, 301 


I’lIASEOLrS. 


PaDony, nnmljer of pol Ion-grains, 
•370 

Vaparerao^U 107 
Vapai'er tifjiyinm, 331, 35S 
— anfrnumohda, 300 

hradenlum, 108 

tlatufim, 107 

orivnt(il(\ 108 

rh/rax, 107 

331, 305 

ntgum^ Wt ; ineasnrcmeiits, 

103; iiinnber of otipsules, 315; 
see.]s, :;58 : prejxitency of other 
pidlen, 337 

Paidllje of the Vioht triculdt at- 
tractive to insects, 124 
Parsley. 172 % 

ruaaijhro alnia. .32)0, 334 

(jntrilin, 171 ; ineasnrcjnents, 

171 ; ero>sed and self-fift'tilised, 
270 ; seeds, 323 ; self - fertile, 
305 

Pannijhn'avi'tT^ 171, 357 
Pea, eoinniol% 100, 351 
J^ihtrgoHiuiH zonah\ 112; measure- 
iinaitH, 143# effects of inter- 
crossing, 301 ; almost selfSbterile. 
353 • • 

PvtiMernon arqutm*, perforated co- 
i-tdla, 120, 428, 433 
Pvtunia riolucm^ 188; mcasure- 
f nuMit-^, 183-20;{; weight^of seed, 
130 ; cross with fresh stock, 130- 
201; relative firlijjty, 2ol-20i^: 
colour, 203; suuiinaryv)! exi)en- 
, incuts, 205, 274; superiority of 
crossi'd over self-fertili^'d, 283 ; 
early llowcriug, 233, 2.>4Tumforiy 
colour of s(ilf-fertilise<l, 309 ; 
6ee<ls, 31#, 313, 323, 325; scl/i 
sterile, 302 • * 

Phalari» 235 ; jneasure-* 

inents, 230, 237 ; early flowering 
of ci’ossed, 233 ^ 

Pham>oh(it cordnniH, l.’^iO 

multiflonifi, 150; m(?nsurement, 

152; partially sterile, 168, 300; 
crossed and self-fertilised, 276 ; 



INDEX. 


PHASEOUTS. 

early flowerilfe of crossed, 29.^ ; 
seeds, 310 ; perwrate 1 by humf)lc- 
bees, 430 • • 

Phaseohis vulgarity 153; solf-fertilo, 
108, 307 

Pimm sativum^ 100 ; mei^urements, 
lg2 ; Sidd nii iritei^iross, 100; 
sunimai^iy of experiments, 204, 
278 ; seif-fortile, 307 
Plants, crossed, irveater consti- 
tutional vij;VJir, 28.5 
Plaromay 301 
Pohmomaciix^ 

Pollen, relative ferW-jity of flowers 
crossed from a <listiiict plant, or 
with their own, 320 ; differt-nco 
of results in Nolana 321, 

32.^; crossed and self-fertilised 
plants, again crossed from a 
distinct p’4Pnt and their own pol- 
len, 324 ; sterile with their own, 
330-338 ; semi'sclf-sterilo, 338- 
340; ^oss of, 370; nnniher of 
grains in Daiulelion, l”a)ony, and 
Wiiitaria sineimx, 370; nninber 

* nef.5essiiv?y for lertilisation, 377 ; 

• transported from llo/jr to flower, 
377 ; prepotency, 391-400; almri- 
giiially the sole attraction to iii- 
sectsj 402 ; quantity produced by 
aifcmophilous plants, fOo 

Polyanthus, piepotcncy over cow- 
slip, 390 
Polygonem, 228 
Pomqucxia fragrnns, 5, 391 
Potato, 387 

Jjf)tenum itang;uisnrhay 407 
Potts, heads of Aufhaniia mchinura 
covered with pollen, 371 
Primrose. Chinese, 225 
I^imula jHatior^ 422, 427 

grnndijlora^ 378 

vnolXt^n 308 

•- officinalis^ 378 

■ snot/ica, 302 t * 

— KiTumsis, 225, 279 ; measiire- 
.ments, 227; early flowering of 
crossed, 293, 290 

— veris *(var. offiGinalu)^ 219 ; 
measurements, 221 ; result of ex- 
perimeijts, 207, 268 ; early Hower- 


I . SALVIA^ 

:• ing of crossed, ^3 ; seeds, 317; 
I self-fertility, 351 pUijYitenfy of 
I 'dai-k red polyanthus, 390 
I Prittiulmeity 215 
I Pringlea, 408 • 

*Prote(uxx of Australia, 41 2 
; Pntnns arimn, 403 

lauroermmsy 401 

‘ Piorh aquilina'iOi 


1 

; Radish, 393 
Hanunmhmen\ 128 

• Hnnumuhis nGtis, 305 

1 llaphanus mtiniSy 30.5, 393 
; Reinke, nectar-seereting ghiiuls of 
I Pruiim ariumy 403 
Reseda lutmy 117; measurements, 
118, 119; result of experiments, 
339 ; self- fertile, 30.5 
' odonf'a, 119; moasnroments, 
1 20-123 ; self-fertiJ ised scarcely ex- 
1 • ceoded by (jrossed, 289 ; seeds, 310 ; 
wiiTit of correspondence^ betwocTi 
S(H)ds and vigour of oflspring, 
328; result of oxp'Tiiuimts, .330; 
sterild and self-fertile, 358, 305 

* Ri‘seilnc(i:ey 117 

lihf'Hin rhapnntirum, 401 
I Ithexia (Jlandulom.y 304 
i Rhododendron, spontaneous cross- 
• ing, 394 ^ 

lilmheleBdnmamloidKSy 432 
, Rhubarb. 394, 401 
• Rihe^nureanty 432 
Riley, Mr.,*p(dlon carried by wiinl, 
^ 40.5; Yucca moth, 418 

. Rodgers, Mr., secret on of nectar in 
I Vanilla, 4Cr8 • 

I e^perinicnt on pollen cf, 370 


8. 

SalviA' coeeineaj 93 ; measurements 
93i early llotyering of crossed, 
0 292 ; seeds, 315, 322 ; partially 
self-steiile, 303 
glutiiiosa^ 427 



INDEJ^. 


4»1 


I^LVIA. 

Sahyia^jmiJiami^ 428, 483 * 

ienori^ ^ 

Sarotlmmiifitil^mfparhtit, 1G3; mea- 
suroinoiitiJ, ]i)0-lG7 ; superiority 
of croil^ll^ scedlin^i^s, 285, 288; 
%ie(ls, 32l$* solf-wierile, 360 
Scahwxa (tlro-purjiurca, 172; mea- « 
siircinciits, 172, 173 
Scarkt-ruTiner, 150 
Scnft, Pu paver ttofnaiferumt 108; 
storJityof V< rbascuin, 330; ()n~ 
ej/h'um and Maxillnria, 331 ; on 
J^riniula seuti a aiid CorLum mat- 
tlMi, 362 • 

t^croph ularidcex, 63 
Self-fertile varieties, appearance of. 


* unnAN. 

tuiii n§pellm, 428 ; importance of 
insects in ferfiliu^ flowers, 455 
SUichya eoccinea^ lAo, 428, 433 
Stsltawiak imdia, 367 
Strachey, General, perforated flowers 
•in tile Himalaya, 434 
Strawberry^ 884 

Strelitzia fer^ised by the Nectanni- 
deae, 371 

Structure of plants odaptelrB) cross 
and self fertilisation, 380 
Swale, Mr., ^^arden luoftie not visited 
by bees in New Z^and, 150 
Sweet-pta, 153 


•^47-351 

Seir-fertilisation, nn cliauical struc- 
ture to check, 382 
Self-sterile idaiits, ;i29--347; wide 
di.stribution tliroupfhout the 
vegetable kingdom, 341 ; differ- 
ence in plaut8|^42; cause of 
.self-sterility, 343; a^.cted by 
cJianged cmidition.s, 344“346 ; 
uecos.sity of diflbrontlatifiii in the* 
Sexual cb'ineiits, 347 
Seiieeio eruentUH^ 335, 364 

herifierit 335 

maderenaia, 335 • 

V — poptt///bh'tt«, 335 • 

inaailugint'a, 335 

Sbarpe, Messrs., preeautiouif against 
intercrossin jr, 305 

Snow-flake, 176 • 

18| ^ . • 

Soltuiutn /a/imwtt/n, 362, *387 • 
Speeuhiria per/ttUata, 1 74 , 

^ apeoulum, 174; measureraepts, 

175, 176; cros.sed and self-ferti- 
li.sed, 276; early flowering of 
^crossi’d, 203; Seeds* 323; self- 
fertile, 360 ^ 

Suencer, Herbert, chemical airiuity. 
^57 


T. 

Tahernainioiitana eehmata. 331^362 
Tables of nu asurements of luights, 
weights, and fcrtilit)^ of plants, 
240-270 • 

Termites, imperfectly developed 
males and females, 380 • 
Thuuhergia alaia, 06, 277, 331 
'J’hyme, 419 

Tinziuann, on Solauum t§b(‘rtMn ni* 
362,388 % 

Tobacco, 203 

I'ransmissioD oii the good i fleets of 
a cross to later generation^ 303 ^ 
Trees, sepa^ted sexes, 411 
Trifolium arvenae^ 367, 384 
— ^ inearnatum, 361 

miiiua, 368 

^ — prate, uae, :}6l. 426, 43^ 

S — procumhena^ 368 

repena, 361 

Tropnolum mimia, 144 ; •measur3^ 
moiit-, 145 ; early lowering of 
cross* d, 293 ; seeds, 3io, 323 

tricolor, 427 ; seeds, 1^13 

T*ulips, 304 
Typha, 405 


Spirauthea autumnalia, 391, 421 
Sprei%rel, C. K., feitilisation of 
flr)wers by insects, 5, 6 ; llfoki 
tricolor, 123; colours in flofers 
attract and gnid# insgst^ 3^2,t 
373 ; on AriatoUadiia, 417 ; Acord- \ 


TJ. 

IhiMliferte, 172 

Urban, Ig., feHilisation (ft Aledicagt 
lupulina. 368 

2 I. 



482 


WBEX. 


i* 

VANDELIiTA. 



'C ( 

VnudeUia uummuhirifoliaf^, 278 
hi^eds, ;{15, ;J22 ; belf-fertile, IJGl) 
Vanilla, soeroiiou of iieMiar, 403 
* Vetlmscgit^ lychnitin, 8G, 341, 309 
— — ntfjrum, 89, 33(V 341 

pha,niceum, 330, 341, 361 

Ytiapmuj 89 : measuromentb, 

90; Bolf-ferlile, 341, 309 
Vi‘rlot on r. Hvolvuhig tncolor, 55 ; 

intororossiiNg/if Nemophila^ 183; 

’ 01 Leptohiphoi <j^394 

I'eronica agteKtih^ 4i>9 

(7wi)n<#'//n/s, 3(39 

h( d( r»i folint 309 

rirm/rt/ict, 300, 404 

%1ur6uta, 3(37 

hafim, 307, 403, 404 

VHoi ill rgfia, 305 I 

f ilUu>i(i pm iiiiisiii folia, 390 
Viimoriu on tranBinittinj; cluiactoi 
to oUnpring, 451 
Vinca mjor, 362 

roftm, 3(3? 

^ Viola cMna, 357 

tricolor, 123; /leasurements, 

120, 127; superiority of crosbod 
plants, 28G, 2'^9 ; period of 
tlowcring, 292, 29(3; effects of- 
t ross-fortilisation. ?)04; «*eds, 
316, 325; paitially sterile, 358; 
odi'olla removed, 420 « 

ViolacesB, 123 

Viscaria octdata, 130; measui^- 
ineut, 132 ; , average height Of 


^ 

zeaS 

crossed and solf-fertil*^ ail, 276; 
siinultaneous , flowering, 295; 
heeds, ,310, 323 rso)#»^le, 307 


W. 

4 

Wallace, Mr., the beaks and faces 
of brush-tongued loru’s covered 
with pollen, 371 

W.isps attracted by Epipactu lati- 
folia, 375 

Woighta, r(‘l.ir\e, of cross* d and 
Hclf-feiti list'd plaulb, 244. 2S3, 
and period of gerniiiiation of 
M'cds, 352-355 

Wildti, Mr., Icitilibatioii of flowers 
willi tin *11 own ptdleii, 341 

WiKon, A. J., siipiiior vigour of 
cjosscrl st‘tdlingb in l^rashica 
camjHstns luta haija, 353 

J\l»taiia Hncnslh, 370, 427 


Y. ” 

Yucca moth, 418 


Z. 

Zca mays, 16, 233 ; measuremeiitb, 
16-1^, 234 ; difterence of height 
lietwt'en crossed und self-tertdib* d, 
288; early flowering of crobW'd, 
293 ; self-fertile, 369 ; prepotency 
of other {lollen, 89 < 
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